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EFFECT  OF  ALFALFA  ON  THE  FERTILITY  ELEMENTS  OF  THE 
SOIL  IN  COMPARISON  \^T[TH  GRAIN  CROPS^ 

C.  O.  SWANSON  AND  W.  L.  LATSHAW 
Kansas  Agridtltural  Experiment  Station 

Received  for  poblication  July  7,  1919 
INTRODUCTION 

That  continuous  growing  of  grain  crops  decreases  the  fertility  of  the  soil, 
and  that  the  growing  of  legumes  in  a  measure  restores  this  fertility  are  facts 
well  known  to  students  of  soil  science.  To  what  degree  this  takes  place  is 
not  so  well  known. 

Alfalfa  is  one  of  the  important  crops  of  Kansas,  and  was  one  of  the  first 
to  be  grown.  Most  of  the  work  concerning  the  effect  of  legumes  on  soil  nitro- 
gen has  been  with  red  clover  and  legumes  other  than  alfdfa.  This  is  partly 
due  to  the  fact  that  in  those  states  and  the  countries  where  investigations 
have  been  conducted,  alfalfa  is  not  a  common  crop. 

The  main  problem  of  the  present  investigation  is  this:  When  alfalfa  has 
been  grown  continuously  on  a  piece  of  land,  and  all  the  crop  harvested  as 
hay,  how  much  nitrogen  and  organic  matter  has  been  added  to  the  soil?  Phos- 
phorus and  calcium  were  also  included  in  the  study. 

There  are  in  Kansas  a  large  number  of  fields  where  alfalfa  has  been  grown 
from  20  to  50  years  and  near  by  are  others  which  are  still  in  native  sod  and 
also  some  which  have  been  cropped  continuously  to  grain  since  the  native 
sod  was  broken.  It  was  thought  that  a  study  of  the  fertility  of  the  cropped 
fields  as  compared  with  those  still  in  native  sod  would  give  valuable  infor- 
mation. It  will  be  well  to  consider  first  the  present  status  of  knowledge  on 
this  subject. 

HISTORICAL 

That  native  legumes  are  important  sources  of  nitrogen  in  the  native  soil 
has  been  shown  by  several  investigators.  Warren  (10)  in  a  study  of  the 
native  vegetation  of  Kansas  and  Nebraska  found  that  on  the  average  there 
were  17  native  legumes  to  the  square  yard.  Most  of  them  have  enormous 
root  S3rsteins.  Warren  attempted  to  ascertain  the  prevalence  of  nodules  on 
different  species  and  found  large  numbers  on  every  one.  Also  he  found  that 
the  native  legumes  were  more  abundant  on  the  poorer  soils.    This  appears 

^This  work  was  conducted  in  cooperation  with  the  Department  of  Agronomy,  and  of 
Divifion  of  Extension  who  rendered  valuable  service  in  locating  these  fields. 
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to  show  that  after  the  legumes  have  enriched  the  soil,  other  plants  crowd 
them  out.  In  pastures  the  legumes  tend  to  disappear  because  they  are  so 
readily  eaten  by  live  stock. 

Alway  and  Pinckney  (2)  found  in  four  species  of  native  legumes,  an  average 
nitrogen  content  of  2  per  cent.  They  estimated  that  the  natural  growth  of 
legumes  could  furnish  10  pounds  of  nitrogen  per  acre  annually. 

According  to  Russel,  a  plat  on  Broadbalk  field,  Rothamstead,  which  was 
not  cropped  after  1882,  gained  91.7  pounds  of  nitrogen  per  acre  per  annum. 
This  plot  contained  3.32  per  cent  CaCOs.  Another  plat  which  contained 
only  0.16  per  cent  CaCOs,  gained  60  pounds  of  nitrogen  per  acre  per  annum. 
These  amounts  are  figured  to  the  depth  of  27  inches  (5).  On  Doctor  Gilbert's 
meadow  which  was  laid  down  to  grass  in  1856,  and  mowed  annually,  the  amount 
of  nitrogen  was  doubled  in  the  top  9  inches  in  a  little  over  50  years  (5). 

Russel  (4)  mentions  the  classic  instance  of  the  restoration  of  the  nitrogen 
content  of  the  soil  of  the  Schultz-Lupitz  estate  in  Germany  as  an  example, 
of  the  power  of  legumes  to  restore  nitrogen  to  worn-out  soil.  This  estate 
was  once  a  barren  sand.  Lime  and  fertilizers  containing  phosphorus  and 
potassium  were  used  but  no  nitrogenous  manures.  The  land  was  cropped 
alternately  to  lupines  and  cereals,  the  former  being  either  plowed  under  or 
fed.  The  barren  sand  after  a  time  became  a  rich  soil  capable  of  producing 
a  large  variety  of  crops.  As  shown  by  Russel  the  enrichment  in  nitrogen 
of  soils  by  legumes  is  dependent  upon  available  phosphorus  and  potassium. 
Thus  in  experiments  at  the  Rothamstead  station  there  was  a  large  increase 
in  the  nitrogen  content  of  soils  in  which  clover  was  grown  in  rotation,  with 
other  crops  and  to  which  potash  and  superphosphates  but  no  nitrogenous 
manures  had  been  added.  There  was  a  loss  in  nitrogen  with  the  same  crop- 
ping when  no  potash  or  superphosphates  were  applied.  As  the  experiments 
were  conducted  over  twenty  years  the  results  are  no  doubt  significant. 

Shutt  (6)  found  that  after  22  years  of  cultivation  a  prairie  soil  of  Western 
Canada  had  lost  a  total  of  2190  pounds  of  nitrogen  per  acre  in  the  top  8  inches. 
Of  this  only  700  pounds  were  contained  in  the  crops  removed  from  the  soil. 
Snyder  (7)  determined  the  loss  of  nitrogen  in  the  soil  of  a  number  of  typical 
Minnesota  farms  in  a  10-year  period.  "The  loss  from  grain  farms  was  from 
3  to  5  times  the  amount  removed  by  the  crops.  This  loss  was  attributed 
to  the  rapid  decay  of  humus  and  the  liberation  of  nitrogen."  The  nitrogen 
content  in  all  these  soils  was  high.  Whitson,  Stoddart  and  McLeod  (12) 
collected  a  number  of  samples  of  both  cropped  and  virgin  soil  from  Wisconsin 
farms.  The  average  nitrogen  content  of  the  cropped  soil  was  0.107  per  cent 
and  of  the  virgin  soil  0. 1 70  per  cent,  showing  a  loss  of  over  one-third  the  original 
stock  of  nitrogen.  These  authors  also  estimated  the  amount  of  nitrogen 
removed  by  crops  and  that  added  by  manure  and  clover.  The  nitrogen  not 
accounted  for  by  crop  removal  after  correcting  for  that  added  in  the  manure 
and  the  clover,  was  assumed  to  be  lost  by  leaching  and  denitrification. 
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In  6  of  the  21  cases,  the  difference  in  the  amount  of  nitrogen  in  the  virgin 
soil  and  in  the  cropped  soil  was  not  enough  to  account  for  the  nitrogen  which 
had  been  removed  in  the  crop.  It  was  suggested  that  this  difference  was 
accounted  for  by  the  fixation  of  nitrogen  by  soil  bacteria.  The  average 
amoimt  lost  by  leaching  and  denitrification  amounted  to  only  22.3  per  cent 
of  that  removed  by  the  crops.  In  clay  soils  more  than  four-fifths  of  the  total 
loss  of  nitrogen  was  removed  by  crops. 

In  continuing  these  studies,  the  authors  (13)  found  that  the  largest  losses 
of  nitrogen  occurred  in  those  soils  which  have  a  rather  large  per  cent  of  total 
nitrogen.  In  16  of  the  21  cases  in  which  the  virgin  soil  contained  0.2  per  cent 
of  nitrogen  or  over,  the  loss  above  that  removed  by  crop  exceeded  500  pounds 
per  acre.  In  21  of  26  cases  where  the  per  cent  of  nitrogen  in  the  virgin  soil 
was  less  than  0.2  per  cent,  the  loss  was  less  than  500  pounds  per  acre.  The 
loss  from  manured  soil  was  greater  than  where  soils  were  not  manured. 

Alway  (1)  concluded  that  in  the  soils  of  Nebraska,  the  only  constituents 
that  have  declined  appreciably  under  cultivation  are  nitrogen  and  total 
organic  matter.  Whitson  and  Stoddart  (11)  found  a  decrease  in  the  phos- 
phorus content  in  virgin  soil.  They  found  that  the  average  content  of  phos- 
phoric acid,  expressed  as  P2O5  was  0.185  per  cent  and  in  nine  adjoining  Cropped 
soils  it  was  0.120  per  cent,  indicating  a  loss  of  one- third  of  the  original  stock 
of  phosphorus. 

It  appears  that  cultivating  the  soil  does  not  always  cause  a  decrease  of 
nitrogen.  Stewart  (8)  analyzed  a  number  of  Utah  soils  and  found  an  average 
of  2055  pounds  of  nitrogen  per  acre  to  a  depth  of  12  inches  in  soil  that  had 
been  cropped  to  wheat,  as  compared  with  2009  pounds  in  fields  that  had  been 
cropped  to  alfalfa  and  1984  pounds  in  virgin  soil. 

Stewart  explains  these  results  by  a  difference  in  the  composition  of  the 
virgin  soil,  an  increase  in  nitrogen  in  the  cultivated  soils  due  to  azotobacter 
and  to  a  rise  of  nitrogen  from  the  subsoil  by  deep  roots. 

That  crop  production  may  be  increased  after  the  growth  of  alfalfa  even 
if  the  stock  of  nitrogen  has  not  been  materially  increased,  is  shown  by  an 
experiment  reported  by  Lyon  and  Bizzell  (3). 

Alfalfa  and  timothy  were  grown  for  6  years  on  adjoining  plats.  On  plow- 
ing up  they  were  planted  to  com  the  first  year  and  oats  the  second.  The 
yield  of  com  on  the  alfalfa  plat  was  63  bushels  per  acre,  and  on  the  timothy 
plat  47  bushels  per  acre.  The  oats  yielded  26  bushels  on  the  alfalfa  plat  and 
27  on  the  timothy  plat.  Analyses  of  the  soils  from  the  two  plats  showed 
that  the  alfalfa  plat  contained  not  to  exceed  0.01  per  cent  more  nitrogen  than 
the  soil  from  the  timothy  plat.  This  would  amount  to  250  pounds  per  acre 
if  the  soil  to  the  depth  of  8  inches  is  assumed  to  weigh  2,500,000  pounds. 

Very  little  work  has  been  done  relating  to  the  effect  of  legimies  on  the 
mineral  elements  of  the  soil.  Certain  work  has  shown  that  some  elements, 
particularly  phosphorus,  have  decreased.  Other  work  fails  to  show  any 
appreciable  change.    This  is  partly  due  to  the  inherent  difficulties  of  the 
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problem.  A  ton  of  average  alfalfa  hay  contains  about  5  pounds  of  phosphorus. 
If  a  soil  analyzes  0.05  per  cent  of  phosphorus,  the  amount  to  the  depth  of 
40  inches  is  6,000  pounds  per  acre.  Calculating  an  average  yield  of  4  tons 
per  year,  the  amount  of  phosphorus  removed  from  the  soil  in  20  years  is  400 
pounds  or  a  little  over  6  per  cent  of  this  total.  This  is  quite  likely  no 
greater  than  the  difference  in  the  composition  of  adjoining  fields  when  they 
were  in  virgin  sod. 

The  foregoing  review  shows  that  when  land  is  in  a  wild  or  virgin  state, 
the  supply  of  nitrogen  is  kept  constant  or  increases;  but  as  soon  as  the  land 
is  cultivated  there  is  a  tendency  for  the  nitrogen  content  to  decrease,  and 
that  not  all  of  this  decrease  can  be  attributed  to  the  removal  of  nitrogen  by 
the  crop.  It  is  also  shown  that  legumes  tend  to  increase  the  nitrogen  content 
of  the  soil. 

EXPERIMENTAL 

The  general  plan  of  the  experiment  reported  in  this  paper  was  to  sample 
old  alfalfa  fields,  old  cultivated  fields  near  by,  and  virgin  sod  wherever  they 
could  be  foimd  adjoining  or  in  close  proximity  separated  by  a  fence  or  road. 
The  samples  were  generally  taken  in  four  different  strata,  namely  0  to  7 
inches,  7  to  20  inches,  20  to  40  inches  and  40  to  80  inches  in  depth.  These 
are  called  surface,  subsurface  and  first  and  second  subsoil,  respectively.  For 
the  upper  three  strata  a  soil  augur  was  generally  used.  For  the  lowest  it  was 
foimd  best  to  use  a  soil  tube,  particularly  in  Western  Kansas.  Borings  were 
made  in  a  number  of  places  in  each  field.  In  Western  Kansas  most  of  the 
fields  were  on  bottom  land. 

The  soil  samples  were  put  in  bags  and  shipped  to  the  laboratory.  Wlien 
thoroughly  air-dry,  the  whole  sample  was  put  in  a  ball  mill  and  given  a  pre- 
liminary grinding.  This  served  to  mix  the  sample  thoroughly.  A  small 
subsample  was  then  ground  in  an  ore  sample  grinder  to  pass  a  100-mesh  sieve. 

The  samples  were  analyzed  for  nitrogen,  organic  carbon,  inorganic  carbon, 
phosphorus  and  calcium.  The  results  of  the  analyses  are  given  in  table  1. 
The  location  of  the  field  as  given  in  the  first  column  is  by  county  and  by  legal 
description.  The  location  is  also  indicated  in  figure  1.  In  a  few  cases  one 
field  was  compared  with  another  across  the  road  and  in  another  county.  In 
such  cases  the  location  does  not  exactly  correspond  to  the  county  under  which 
it  is  classed. 

There  is  given  in  the  table  a  brief  description  of  the  soil  and  its  treatment 
as  far  as  known.  For  purposes  of  comparative  study,  the  samples  have  been 
divided  into  three  classes  according  to  the  location  in  the  state  and  the  amount 
of  rainfall.  The  samples  taken  from  locations  where  rainfall  is  30  inches  or 
more  are  classed  as  from  the  humid  section;  those  taken  where  the  annual 
rainfall  is  between  22  and  30  inches  as  from  the  sub-hiunid,  and  those  where 
the  rainfall  is  less  than  22,  as  from  the  semi-arid  portions  of  the  state. 
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THE  EFFECT  OF  CROPPING  ON  THE  NITROGEN  CONTENT  OF  THE  SOIL 

The  number  of  pounds  of  nitrogen  per  acre  in  7  inches  of  the  surface  soil 
has  been  presented  m  table  2.  The  differences  for  virgin  soils  and  for  soils 
cropped  in  different  ways  are  also  given.  Soil  in  native  sod  is  compared  with 
soil  cropped  to  alfalfa,  and  also  with  soil  which  has  grown  crops  other  than 
legumes.  A  comparison  is  also  made  between  soil  cropped  to  alfalfa  and 
soils  that  have  grown  crops  other  than  legumes.  In  the  first  case  the  native 
sod  is  used  as  the  basis  of  comparison  and  the  second  case  the  soil  that  had 
been  cropped  to  alfalfa.    The  comparison  is  made  both  in  pounds  per  acre 

and  on  a  percentage  basis.     In  calculating  the  number  of  pounds  per  acre, 

the  following  weights  of  soil  are  assumed : 

pounds 

Surface,  0-7  inches 2,000,000 

Subsurface,  7-20  inches 4,000,000 

First  subsoil,  20-40  inches 6,000,000 

Second  subsoil,  40-80  inches 12,000,000 

Tb<*  results  are  summarized  in  table  3. 

TABLE  i 
Effect  of  cropping  on  the  nitrogen  content  of  surf  cue  soil:  Summary 


POUNDS  OF  NITROGEN  PER  ACRE 

Native 

Alfalfa 

Cropped 

3EIumid 

4195 
4184 
3020 

3592 
3980 
3495 

2793 

^ub-humid 

3191 

Semi-arid 

2418 

In  the  humid  section  the  cropped  soils  contained  on  the  average  1402  pounds 
less  nitrogen  per  acre  than  the  native  soils.  This  means  a  loss  of  nearly  one- 
third  of  the  original  amount  of  nitrogen.  The  soils  which  had  been  in  alfalfa 
contained  799  pounds  more  nitrogen  than  soils  which  had  grown  other  crops 
than  legumes,  but  603  pounds  less  than  the  native  soils.  This  is  a  loss  of 
14.3  per  cent  as  compared  with  the  native  soils  but  an  increase  of  21.6  per 
cent  as  compared  with  the  cropped  soil. 

In  the  sub-humid  section  the  cropped  soils  contained  993  pounds  less  nitro- 
gen than  the  soils  in  native  sod.  This  is  a  loss  of  nearly  one-fourth.  The 
soils  in  alfalfa  contained  789  pounds  more  nitrogen  than  the  cropped  soils, 
but  204  pounds  less  than  the  soils  in  native  sod,  a  loss  in  this  case  of  only  5 
per  cent  as  compared  with  the  native  sod  and  a  gain  of  20  per  cent  as  compared 
with  the  cropped  soil. 

In  the  semi-arid  section  the  cropped  soils  contained  602  pounds  less  nitrogen 
than  the  soils  in  native  sod,  or  a  loss  of  one-fifth  of  the  original  nitrogen. 
The  alfalfa  soils  contained  475  pounds  of  nitrogen  more  than  the  native  soils, 
and  1077  pounds  more  than  the  cropped  soils. 
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All  the  fields  in  alfalfa  but  one  have  more  nitrogen  than  those  in  native 
sod.  In  every  cropped  field  but  one,  the  nitrogen  content  was  less  than  in 
the  native  sod.  In  other  words,  the  fields  in  sdfalfa  have  over  30  per  cent 
more  nitrogen  than  the  cropped  soils,  and  15.7  per  cent  more  than  the  soib 
in  native  sod.  This  represents  an  unmistakable  gain  of  nitrogen  through 
the  growing  of  alfalfa.  It  should  be  borne  in  mind  that  the  average  age  of 
the  alfalfa  fields  in  the  sub-humid  and  semi-arid  section  was  much  greater 
than  that  of  the  fields  in  the  humid  section. 

It  is  probable  that  the  decrease  in  nitrogen  of  the  fields  in  alfalfa  in  the 
humid  and  sub-humid  sections  took  place  before  the  alfalfa  was  seeded.  The 
increase  in  nitrogen,  if  any,  since  the  alfalfa  was  seeded  has  not  been  sufficient 
to  restore  the  original  amount.  For  reasons  to  be  presented  later,  it  is  prob- 
able that  in  some  fields  at  least,  the  growth  of  alfalfa  has  simply  prevented 
a  further  decrease. 

Perhaps  more  accurate  conclusions  can  be  drawn  from  the  data  presented 
in  table  4  in  which  only  those  fields  are  included  which  were  close  enough 
together  to  permit  direct  comparisons.  The  figures  in  the  first  three  colimms 
are  the  same  as  those  in  table  2.  In  the  next  two  columns  are  given  the 
number  of  years  of  continuous  alfalfa  or  grain  production  in  the  respective 
fields.  By  subtracting  the  number  of  poimds  of  nitrogen  in  the  continuously 
cropped  field  from  that  in  native  sod,  the  loss  of  nitrogen  by  cropping  is* ob- 
tained. These  figures  are  given  in  the  sixth  column.  The  average  yeaxly 
loss  obtained  by  dividing  the  total  by  the  number  of  years  in  cultivation  is 
given  in  the  seventh  column. 

The  average  yearly  loss  multiplied  by  the  number  of  years  the  land  was 
in  grain  crops  gives  the  total  loss  sustained  before  seeding  to  alfalfa.  The 
figures  so  obtained  are  given  in  the  eighth  column.  Subtracting  this  from  the 
amoimt  present  in  the  native  sod  gives  the  amount  presumably  present  in 
the  soil  when  the  alfalfa  was  seeded.  These  figures  are  given  in  the  ninth 
column.  By  comparing  this  amoimt  with  that  present  when  the  sample 
was  taken  the  gain  or  loss  through  the  continuous  growing  of  alfalfa  can  be 
calculated.  The  results  of  this  calculation  are  given  in  the  last  column  of 
table  4. 

It  will  be  seen  that  in  both  the  humid  and  the  sub-himiid  sections,  the 
gains  are  practically  balanced  by  the  losses.  The  growing  of  alfalfa  has 
simply  prevented  further  losses  or  has  secured  enough  from  the  air  to  take 
the  place  of  that  removed  by  the  crop.  In  the  semi-arid  section  there  is  an 
unmistakable  gain.  This  corroborates  the  statements  made  on  the  basis  of 
the  figures  presented  in  table  2. 

If  continuous  growing  of  alfalfa  simply  maintains  a  balance  in  the  nitrogen 
content  of  the  soil,  it  seems  that  the  amount  of  nitrogen  in  the  hay  crop  is 
about  equal  to  that  obtained  from  the  air,  whUe  that  in  the  roots  and  stubble 
is  about  equal  to  that  obtained  from  the  soil. 
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Another  factor  however,  must  be  considered,  viz;  the  loss  of  leaves  in  curing 
and  stacking.  The  loss  is  probably  greater  in  the  semi-arid  section  than 
in  t&e  more  himiid  sections.  The  intense  sunshine  causes  the  leaves  to  fall 
very  easily  if  the  period  of  drying  is  prolonged  even  a  few  hours.  It  has  been 
calculated  that  from  7  to  25  per  cent  of  the  leaves  are  lost  in  curing  and  stack- 
ing, and  from  3  to  14  per  cent  of  the  entire  crop  (9). 

TABLE  4 
Gain  or  loss  of  nitrogen  as  a  result  of  cropping  to  alfalfa 
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We  may  assume  that  on  the  average,  20  per  cent  of  the  leaves,  or  about 
10  per  cent  of  the  crop,  is  lost.  When  bad  weather  prevails  during  harvesting, 
as  much  as  half  the  crop  may  be  lost.  This  no  doubt  is  a  factor  in  increasing 
the  nitrogen  content  of  the  soil.  Assuming  an  annual  yield  of  hay  of  5000 
pounds  per  acre,  half  of  which  is  leaves,  the  nitrogen  added  to  the  soil  in 
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this  way  would  amount  to  17.5  pounds  annually  or  a  total  of  350  pounds 
in  20  years.  There  may  be  two  reasons  for  no  apparent  gain  in  the  humid 
and  sub-h\unid  sections:  (1)  The  leaves  remain  on  the  surface  of  the  soil 
and  the  nature  of  the  decay  is  such  that  a  portion  of  the  nitrogen  is  lost.  (2) 
Alfalfa  uses  the  nitrogen  liberated  by  decay  and  nitrification  of  organic 
matter.  When  the  nitrogen  is  abundant  more  nitrogen  is  used.  In  this  way 
the  addition  of  nitrogen  through  the  loss  of  leaves  may  create  such  a  con- 
dition that  less  is  taken  from  the  air. 

The  fact  must  not  be  lost  sight  of  that  alfalfa  takes  large  amounts  of  nitro- 
gen from  the  air  which  is  not  accounted  for  in  this  investigation,  because  no 
data  on  the  amount  removed  in  the  crops  are  available.  For  every  ton  of 
hay  harvested,  it  appears  that  50  pounds  of  nitrogen  has  been  taken  from 
the  air.  With  the  best  methods  of  farming  the  greater  part  of  this  can  be 
returned  to  the  soil. 

Another  effect  of  growing  alfalfa  is  an  improved  physical  condition  of  the 
soil,  as  a  result  of  the  large,  deeply  penetrating  roots.  Alfalfa  roots  are  large 
and  contain  a  large  amount  of  organic  matter;  they  decay  easfly  and  rapidly 
making  available  an  abundance  of  the  mineral  elements,  phosphorus,  and 
potassiiun  contained  in  the  alfalfa  roots.  The  process  of  decay  also  liberates 
more  of  these  elements  from  the  insoluble  compounds  found  in  the  soil. 

Finally  it  should  be  remembered  that  the  fields  studied  were  comparatively 
well  stocked  with  nitrogen  when  alfalfa  was  seeded.  If  the  investigation 
had  been  made  on  fields  which  had  lost  more  nitrogen  before  the  alfalfa  was 
seeded,  the  results  probably  would  be  different. 

THE  EFFECT  OF  CROPPING  ON  THE  ORGANIC  CARBON  CONTENT  OF  THE  SOIL 

The  organic  carbon  content  of  surface  soil  of  fields  in  native  sod,  alfalfa 
and  those  cropped  to  grain  is  given  in  table  5.  The  differences  are  also  given 
in  pounds  and  percentage,  the  comparisons  being  made  as  in  table  2.  The 
results  are  siunmarized  in  table  6. 

In  the  himiid  section  the  fields  cropped  to  grain  contain  on  the  average 
18,863  pounds  less  of  organic  carbon  than  those  in  native  sod,  an  average 
loss  of  nearly  36  per  cent.  The  fields  in  alfalfa  contain  an  average  of  7667 
pounds  more  than  those  in  grain  crops,  but  11,196  pounds  less  than  those 
in  native  sod.  This  is  a  loss  of  21.26  per  cent  as  compared  with  the  native 
sod  and  a  gain  of  18.48  per  cent  as  compared  with  the  cropped  fields.  All 
the  soils  in  native  sod  have  more  organic  carbon  than  the  fields  in  alfalfa  or 
those  cropped  to  grains.  All  but  two  of  the  fields  in  alfalfa  have  more  organic 
carbon  than  the  fields  cropped  to  grains. 

In  the  sub-humid  section  the  fields  cropped  to  grains  contain  an  average 
of  14,733  pounds  less  of  organic  carbon  than  the  native  sod.  This  is  a  loss 
of  nearly  28  per  cent.  The  fields  in  alfalfa  contained  an  average  of  7873 
pounds  of  organic  carbon  more  than  those  in  grains,  but  6860  pounds  less 
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than  the  fields  m  native  sod.  This  is  a  loss  of  a  little  over  13  per  cent  as 
compared  with  the  native  sod  and  a  gain  of  over  18  per  cent  as  compared 
with  the  cropped  land. 

In  the  semi-arid  section  the  fields  cropped  to  grain  contained  10,740  pounds 
less  organic  carbon  than  those  in  native  sod.  This  is  a  loss  of  nearly  30  per 
cent.  Those  in  alfalfa  contained  on  the  average  7123  pounds  more  organic 
carbon  than  those  cropped  to  grains,  but  3817  pounds  less  than  those  in  native 
sod,  a  loss  of  about  10  per  cent  as  compared  with  the  native  sod,  and  a  gain 
of  over  25  per  cent  as  compared  with  the  fields  cropped  to  grains.  All  but 
four  of  the  fields  in  native  sod  contained  more  organic  carbon  than  those 
cropped  to  alfalfa  or  grain. 

These  results  show  that  the  growing  of  alfalfa  has  not  fully  restored  the 
organic  carbon.  There  is  no  doubt  as  to  the  possibility  of  increasing  the 
organic  carbon  content  of  the  soil  by  growing  alfalfa,  but  in  the  majority 
of  cases  studied,  such  cropping  has  resulted  in  a  further  decrease. 

We  must  recognize  the  possibility  of  error  in  the  determinations,  since 
we  do  not  know  the  exact  carbon  content  of  these  fields,  at  the  time  the  alfalfa 

TABLE  6 
Effect  of  cropping  an  the  organic  carbonic  content  of  the  surface  soil:  Summary 


Humid 

Sob-humid 


POUNDS  PCK  ACRE 


Native 


52,673 
50,638 
38,433 


Alfalfa 


41,477 
45,429 
34,983 


Cropped 


33,810 
37,536 
26,720 


was  seeded.  The  approximate  amounts  can  be  calculated  however,  by  the 
same  method  employed  in  stud3dng  the  loss  of  nitrogen.  Data  secured  by 
this  method  are  presented  in  table  7. 

The  data  corroborate  those  presented  in  table  5  and  the  statements  made 
in  relation  to  them.  Unlike  the  effect  on  the  nitrogen  there  has  not  been 
an  increase  in  the  carbon  content  of  these  soils  as  a  result  of  cropping  to  alfalfa. 
This  is  true  for  all  the  three  sections. 


THE  EPFECT  OP  CROPPING  ON  THE  NITROGEN  AND  ORGANIC  CARBON  CONTENT 

OF  THE  SUBSOIL 

An  attempt  has  been  made  to  compare  the  nitrogen  and  organic  carbon 
content  of  the  different  strata.  The  results  are  presented  in  tables  8  and  9. 
In  interpreting  these  results  it  should  be  remembered  that  the  experimental 
errors  of  determination  are  rather  large.  There  are  two  reasons  for  this. 
Most  of  these  samples  are  from  bottom  land.  While  the  fields  compared 
appeared  to  be  very  uniform,  the  subsoils  were  often  found  to  differ  consider- 
ably.   Also  the  weight  of  the  subsoil  from  20  to  40  inches  deep  was  assumed 
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to  be  6,000,000  pounds  per  acre,  and  the  subsoU  from  40  to  80  inches  12,000,000 
pounds  per  acre.  When  these  sums  are  multiplied  by  the  significant  errors 
in  the  determinations,  the  differences  between  duplicate  determination  is 

often  greater  than  the  differences  due  to  the  cropping. 
It  will  be  seen  that  the  method  of  cropping  has  not  influenced  materially 

the  nitrogen  content  of  the  subsoil  below  a  depth  of  20  inches,  except  possibly 


TABLE  8 
Average  nitrogen  content  of  the  soil  of  different  strata 


SECTION 

KIND  or  SOIL 

0-7   INCHES 

7-20  INCHES 

20-10  INCHES 

40-80    INCHES 

percent 

percent 

perctni 

percent 

' 

Native 

0.200 

0.121 

0.069 

0.045 

HumW \ 

Alfalfa 

0.175 

0.111 

0.062 

0.043 

1 

Cropped 

0.136 

0.105 

0.068 

0.046 

p 

Native 

0.209 

0.101 

0.059 

0.032 

Sub-immid J 

Alfalfa 

0.200 

0.092 

0.061 

0.033 

k 

Cropped 

0.159 

0.088 

0.051 

0.036 

^ 

Native 

0.151 

0.079 

0.048 

0.037 

Sotti-arid | 

Alfalfa 

0.173 

0.077 

0.051 

0.035 

» 

Cropped 

0.121 

0.073 

0.042 

0.025 

TABLE  9 
Average  carbon  content  of  the  soil  of  different  strata 


SECTION 

KIND  or  SOIL 

0-7   INCHES 

7-20  INCHES 

20-40    INCHES 

40-80    INCHES 

percent 

percent 

percent 

percent 

» 

Native 

2.52 

1.39 

0.77 

0.44 

Humid 

AHalfa 

2.09 

1.27 

0.72 

0.48 

V 

Cropped 

1.67 

1.23 

0.81 

0.43 

Native 

2.72 

1.16 

0.67 

0.31 

5«o-huinid \ 

Alfalfa 

2.27 

1.14 

0.90 

0.63 

h 

Cropped 

1.88 

1.11 

0.54 

0.69 

f 

Native 

1.93 

0.71 

0.41 

0.34 

S«*^-arid ] 

Alfalfa 

1.63 

0.74 

0.46 

0.37 

•                        ^ 

Cropped 

1.39 

0.70 

0.55 

0.29 

^  ^he  semi-arid  section.     In  the  subsurface  (7  to  20  inches),  the  nitrogen 
^^^tent  of  the  fields  in  native  sod  is  slightly  higher  than  the  others,  the  differ- 
ence being  greatest  when  the  comparison  is  made  with  the  fields  cropped  to 
6^^.    It  is  sometimes  thought  that  plants  secure  nitrogen  from  the  subsoil 
^•iid  deposit  it  in  the  surface  soil.    The  facts  here  presented  do  not  support 
Ais  theory. 
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TABLE  10 
Effect  of  cropping  on  the  phosphorus  cmUent  of  the  surface  7  inches  of  soil 


COUNTY  AND  SECTION 


POUNDS  OF  PHOSPHORUS 
put  ACRE 


Native 


Alfalfa 


Cropped 


DIVFBRKNCES 


Alfalfa  vs. 
native 


Cropped  vs. 
native 


Alfalfa  VI 
cropped 


Humid 


Leavenworth 
Leavenworth 

Brown 

Nemaha.  . . . 
Montgomery 
Montgomery 

Butler 

Chase 

Harvey 

Harvey 

Dickinson. . . 
Dickinson . . . 
Dickinson... 

Average.  . 

MitcheU.  . . . 
Mitchell.  ... 
Mitchell.  . . . 
Mitchell.  . . . 
Mitchell.  . . . 
Osborne. . .  . 
Osborne.  .  .  . 
Osborne.  . .  . 

Barton 

Pawnee 

Average.  . 

Ford 

Ford 

Finney 

Finney 

Finney 

Finney 

Trego 

Gove 

Gove 

Gove 

Gove 

Sheridan .... 
Sheridan .... 
Wallace 

Average. . . 


lbs. 

per  unt 

lbs. 

ptr  C€tU 

lbs. 

1220 

1040 
860 

960 

-180 

14.75 

-100 

1220 

1260 

960 

+40 

3.27 

-260 

21.31 

+300 

760 

780 

800 

4-20 

2.63 

+40 

5.26 

-20 

920 

720 

860 

680 
760 

-200 

21.73 

-240 

26.08 

+40 
+100 

700 

760 

540 

+60 

8.57 

-160 

22.85 

+220 

1000 

780 

840 

-220 

22.00 

-160 

16.00 

-60 

1120 

820 

1060 

-300 

26.78 

-60 

5.35 

-240 

900 

860 

720 

-40 

4.44 

-180 

20.00 

+140 

960 

960 

1140 

0 

0 

+  180 

18.75 

-180 

1220 

880 

960 

-340 

27.86 

-260 

21.31 

-80 

1740 

1820 

900 

+80 

4.59 

-840 

48.27 

+920 

1069 

954 

860 

-115 

10.76 

-209 

19.55 

+94 

per  cetU 
9.61 

23.80 

2.56 

5.55 

11.62 

28.94 

7.69 

29.26 

16.27 

18.75 

9.09 

50.54 

9.85 


Sub-humid 


1260 

1380 

■ 

+  120 

9.52 

1360 

1580 

1300 

+220 

16.17 

-60 

4.41 

1100 

1140 

+40 

3.63 

2100 

1920 

-720 

34.29 

-180 

8.57 

1500 

1440 

+240 

19.05 

+180 

14.28 

2000 

1400 

1800 

-600 

30.00 

-200 

10.00 

1360 

1200 

1340 

-160 

11.76 

-20 

1.47 

2120 

2060 

-60 

2.83 

1040 

1080 

940 

+40 

3.84 

-100 

9.61 

1180 

1060 

1860 

-120 

10.17 

+680 

57.71 

1502 

1314 

1533 

-123 

16.85 

+31 

2.06 

+280 

-540 

+60 

-400 

-140 

+  140 


-219 


17.72 

39.13 

4.00 

28.57 

11.66 

12.96 
75.47 

16.67 


Semi-arid 


1580 

1640 

1500 

+60 

3.79 

-80 

5.06 

+  140 

860 

1640 

1260 

+780 

90.61 

+400 

46.51 

+380 

1540 

1520 

-20 

1.29 

1640 

1700 

1400 

+60 

3.65 

-240 

14.63 

+300 

1360 

1560 

1240 

+200 

14.70 

-120 

8.82 

+320 

1280 

1060 

• 

+220 

1440 

1460 

-20 

1720 

2000 

1800 

+280 

16.27 

+80 

46.51 

+200 

1600 

1960 

+360 

22.50 

-600 

1680 

1500 

2100 

-180 

10.71 

+420 

25.00 

1580 

1980 

+400 

25.31 

1280 

1860 

1640 

+580 

45.31 

+360 

28.10 

+220 

1960 

1680 

-280 

14.28 

1600 

1980 

+380 

23.75 

1533 

1674 

1544 

+  141 

9.19 

+  152 

10.00 

+  130 

8.53 
23.17 

17.64 
20.51 
17.18 
1.38 
10.00 
40.00 


11.82 


8.48 
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The  organic  carbon  content  of  the  subsoU  below  20  mches  appears  not  to 
be  materially  affected  by  the  method  of  cropping.  In  two  cases  the  carbon 
content  of  the  fields  cropped  to  grain  is  the  highest  of  any.  This  suggests 
that  the  differences  are  less  than  the  error  of  determination.  There  appears 
to  be  a  significant  though  slight  difference  in  the  subsurface  (7  to  20  inches) 
in  favor  of  the  fields  in  native  sod.  Also,  those  in  alfalfa  appear  to  be  slightly 
higher  in  carbon  than  those  cropped  to  grain.  As  previously  pointed  out 
there  are  rather  large  differences  in  the  carbon  content  of  the  surface  soil 
(0  to  7  inches). 

The  fact  that  the  principal  loss  of  carbon  is  in  the  surface  soil  suggests 
that  it  is  practically  all  due  to  the  oxidation  of  organic  matter,  to  soil  blowing 
or  to  erosion.    These  factors  also  affect  the  nitrogen  content. 

THE  EFFECT  OF  CROPPING  ON  THE  PHOSPHORUS  CONTENT  OF  THE  SOIL 

The  phosphorus  content  of  the  soil  is  indicated  in  table  10.  The  data  are 
arranged  in  the  same  way  as  for  the  nitrogen  and  for  the  organic  carbon 
content  presented  above.  In  general,  the  differences  are  so  small  that  no 
definite  conclusions  can  be  reached. 

A  ton  of  alfalfa  hay  contains  about  5  pounds  of  phosphorus.  At  this  rate 
20  average  crops  would  remove  only  about  500  pounds.  If  all  of  it  came 
from  the  surface  soil  the  removal  of  this  amount  no  doubt  would  be  noticeable, 
but  a  deep-rooted  crop  like  alfalfa  secures  phosphorus  from  considerable 
depth.  The  smallest  difference  which  can  possibly  be  significant  in  a  phos- 
phorus determination  is  0.005  per  cent.  This  amounts  to  600  pounds  of 
phosphorus  per  acre  to  a  depth  of  40  inches  assuming  the  weight  of  the  soil 
to  be  12,000,000  pounds.  Accordingly,  the  amount  of  phosphorus  removed 
by  20  average  crops  of  alfalfa  could  not  be  determined  with  any  degree  of 
certainty.  Also,  there  is  no  certainty  that  all  fields  had  the  same  phosphorus 
content  to  begin  with. 

Considering  the  possibilities  of  error  it  is  not  probable  that  the  differences 
in  the  phosphorus  content  of  the  fields  cropped  in  different  ways  are  signifi- 
cant. The  rather  high  phosphorus  content  of  the  surface  soil  of  the  fields 
cropped  to  alfalfa  in  the  semi-arid  section  is  perhaps  explained  by  the  loss 
of  leaves  in  curing. 

The  phosphorus  content  of  the  different  strata  is  presented  in  table  11. 
Excepting  only  the  cropped  soils  in  the  himaid  section,  the  surface  averages 
higher  in  phosphorus  than  the  subsoils.  This  accords  with  what  would  be 
expected.  The  phosphorus  in  the  native  vegetation  becomes  incorporated 
with  the  surface  soil  when  the  former  decays  or  is  burned  off. 

The  fact  that  the  cropped  soils  in  the  humid  section  do  not  contain  more 
phosphorus  than  the  lower  strata  may  be  taken  to  mean  that  so  much  of  the 
phosphorus  of  the  surface  soil  has  been  used  that  the  average  has  been  re- 
duced to  that  found  in  the  lower  depths.  In  the  sub-hvmiid  and  semi-arid 
sections  the  soils  have  not  been  cultivated  for  so  long  a  time,  therefore  this 
condition  has  apparently  not  yet  been  reached. 
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THE  EFFECT  OF  CROPPING  ON  THE  CALCIUM  CONTENT  OF  THE  SOIL 

The  principal  object  in  analyzing  the  soils  for  calcium  was  to  detennine 
the  calcium  content  of  soils  where  alfalfa  grows  successfully.  The  amount 
of  calcium  in  crops  is  small  in  comparison  with  the  amount  present  in  the 
soil,  and  with  the  amounts  removed  from  the  soil  by  leaching.  A  ton  of 
alfalfa  hay  contains  from  20  to  25  pounds  of  calcium.  The  amount  in  grain 
crops  is  much  smaller.  On  the  other  hand,  it  is  estimated  that  the  equivalent 
of  500  pounds  per  acre  of  CaCOs  is  removed  by  leaching  every  year  in  a 
humid  climate.  The  amount  of  calciima  in  these  soils  varies  more  than  that 
of  any  other  element. 

As  a  rule  the  calcium  content  increases  from  the  surface  downward.  This 
is  especially  true  for  soils  with  a  high  calcium  content  and  for  the  sub-humid 
and  semi-arid  sections.    By  reference  to  table  1  it  will  be  seen  that  most 

TABLE  11 
PhosphoruSy  average  percentages  in  different  strata 


SECTION 

KIND  or  SOIL 

0-7  INCHES 

7-20  INCHES 

20-40  INCHES 

40-80  mcHSS 

percent 

percent 

percent 

percent 

' 

Native 

0.053 

0.041 

0.039 

0.039 

Humid  section s 

Alfalfa 
Cropped 

0.046 
0.042 

0.039 
0.041 

0.037 
0.042 

0.044 

0.042 

p 

Native 

0.075 

0.063 

0.064 

0.056 

Sub-humid < 

Alfalfa 

0.066 

0.062 

0.059 

0.057 

■ 

Cropped 

0.075 

0.066 

0.065 

0.057 

' 

Native 

0.079 

0.070 

0.064 

0.072 

Semi-arid \ 

Alfalfa 
Cropped 

0.084 
0.077 

0.067 
0.068 

0.067 
0.070 

0.067 

k 

0.070 

soils  in  the  humid  section  contain  from  0.5  to  1.0  per  cent  calcium  in  the 
surface  soil.  Of  those  devoted  to  alfalfa  growing,  few  contained  less  than 
0.5  per  cent  of  calcium.  In  the  sub-humid  and  semi-arid  sections  the  per- 
centage of  calcium  in  practically  all  soils  studied  is  1  per  cent  and  above. 
In  none  of  the  soils  of  these  two  sections  can  there  be  said  to  be  a  calcium 
deficiency.  It  is  very  probable  that  those  soils  which  contain  0.5  per  cent 
or  less  calcium  are  very  near  the  border-line  of  calcium  deficiency,  and 
especially  so  when  there  is  no  material  increase  in  calcium  in  the  lower  strata. 


THE  EFFECT  OF  CROPPING  ON  THE  INORGANIC  CARBON  CONTENT  OF  THE  SOIL 

In  the  humid  section  only  6  out  of  38  soils  contained  inorganic  carbon  in 
the  surface  or  subsurface  (table  1).  In  the  subsoil,  the  occurrence  of  inorganic 
carbon  was  more  frequent.  This  means  that  in  this  section  calcium  carbo- 
nate is  absent  from  all  but  a  very  few  soils  and  that  the  carbonate  has  disap- 
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peared  from  the  surface  and  subsurface  tq  a  larger  extent  than  from  the  sub- 
soil. This  shows  that  these  soils  are  rapidly  approaching  a  calcium  deficiency. 
The  calcium  in  forms  other  than  the  carbonate  are  relatively  unavailable. 
In  the  sub-humid  and  semi-arid  sections,  only  11  soils  out  of  60  have  no  in- 
organic carbon  in  the  surface  soil,  and  of  these  11,  only  5  have  no  inorganic 
carbon  in  the  subsoil.  This  means  that  practically  all  soils  in  the  sub-hiunid 
and  semi-arid  sections  have  not  only  an  abundance  of  caldmn  but  that  a 
large  amount  of  it  is  in  the  carbonate  form  which  is  the  most  available. 

SUMMARY  AND  CONCLUSIONS 

1.  It  is  generally  assumed  that  alfalfa  helps  maintain  the  fertility  of  tiie 
soil  by  securing  nitrogen  from  the  air  and  by  preventing  the  oxidation  of  the 
humus  and  organic  matter  which  takes  place  rapidly  when  cultivated  crops 
are  grown;  no  exact  figures  seem  to  have  been  secured,  however.  It  is  very 
important  that  such  data  be  available  because,  when  the  alfalfa  crop  is  re- 
moved it  is  quite  possible  that  the  field  is  left  no  richer  in  nitrogen  than  if 
no  alfalfa  had  been  grown,  and  because  alfalfa  removes  a  relatively  large 
amoimt  of  other  plant-food  elements. 

2.  Kansas  produces  more  alfalfa  than  any  other  state,  and  has  some  of 
the  oldest  alfalfa  fields  in  the  country,  some  of  which  have  been  continuously 
in  alfalfa  for  30  years  or  more.  This  offers  unusual  opportunities':  or  a  study 
of  this  kind. 

3.  The  general  plan  of  the  experiment  was  to  sample  these  old  alfalfa  fields 
and  other  fields  nearby  which  were  of  the  same  type  of  soil  but  had  been  con- 
tinuously in  cultivation  or  in  native  sod.  Preference  was  given  to  those 
locations  where  all  these  three  fields  were  dose  enough  together  for  direct 
comparison.  The  soil  was  generally  sampled  in  four  depths:  0  to  7  inches, 
7  to  20  inches,  20  to  40  inches,  and  40  to  80  inches.  The  samples  were  ana- 
lyzed  for  nitrogen,  organic  carbon,  inorganic  carbon,  phosphorus  and  calcium. 

4.  For  purposes  of  comparisons,  the  state  was  divided  into  three  sections; 
humid,  sub-humid  and  semi-arid.  The  basis  of  division  was  the  average 
annual  rainfall.  All  samples  taken  from  localities  where  the  rainfall  is  30 
inches  or  more,  were  dassed  as  from  the  humid  section;  those  from  localities 
where  the  rainfall  is  between  30  and  22  inches  as  from  the  sub-humid  section; 
and  those  from  localities  where  the  rainfall  is  less  than  22  inches  as  from  the 
semi-arid  section. 

5.  It  was  found  that  in  the  humid  section  the  surface  of  the  cropped  soil 
had  lost  one-third  of  the  nitrogen  as  compared  with  the  surface  soil  of  the 
native  sod.  The  fields  in  alfalfa  contained  14.3  per  cent  less  nitrogen  than 
the  native  sod,  and  21.6  per  cent  more  than  those  fields  which  had  been  cropped 
to  grain.  In  the  subsurface  7  to  20  inches,  the  changes  due  to  cropping  were 
much  less  than  in  the  surface,  and  in  the  subsoils  there  were  no  changes  that 
could  be  attributed  to  the  methods  of  cropping. 
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6.  In  the  sub-humid  section  the  fields  cropped  to  grain  lost  one-fourth  of 
the  nitrogen  as  compared  with  the  surface  soil  of  the  native  sod.  The  alfalfa 
fields  contain  5  per  cent  less  nitrogen  than  the  native  sod,  but  20  per  cent 
more  than  the  fields  in  grain.  In  this  section  the  changes  due  to  cropping 
are  also  confined  to  the  surface  and  subsurface. 

7.  In  the  semi-arid  section  the  cropped  soil  has  lost  one-fifth  of  the  nitrogen 
as  compared  with  the  native  sod.  Alfalfa  fields  contained  15.7  per  cent  more 
nitrogen  than  the  soils  in  native  sod,  and  30  per  cent  more  than  the  soils  con- 
tinuously cropped.  In  this  section  the  significant  changes  are  confined  to 
the  surface  soil. 

8.  This  comparison  shows  that  there  is  an  immistakable  gain  in  nitrogen 
of  the  soils  in  the  semi-arid  section.  This  may  be  attributed  in  part  at  least 
to  a  greater  loss  of  leaves  in  curing  alfalfa  in  the  arid  section. 

9.  It  may  be  concluded  that  the  continuous  growing  of  alfalfa,  may  not  in- 
crease the  nitrogen  content  of  the  soil.  The  increased  crop  production  which 
is  usually  obtained  on  alfalfa  fields  when  they  are  plowed  up  is  probably  due 
to  the  large  amount  of  available  nitrogen  they  contain. 

10.  In  the  humid  section,  the  cropped  soils  have  lost  36  per  cent  of  the 
organic  carbon  present  in  the  virgin  sod  and  those  in  alfalfa  over  21  per  cent. 
The  fields  in  alfalfa  contain  18  per  cent  more  than  those  continuously  cropped 
to  grain. 

11.  In  all  sections  the  changes  in  the  organic  carbon  content  are  confined 
to  the  surface  soil.  There  is  just  one  exception  to  this  statement.  In  the 
himiid  section,  the  subsurface  of  the  native  sod  has  a  significantly  higher 
carbon  content  than  the  alfalfa  or  cropped  soil. 

12.  In  the  sub-hmnid  section  the  cropped  soils  have  lost  28  per  cent  of  the 
original  carbon  content  and  the  alfalfa  soils  13  per  cent. 

13.  In  the  semi-arid  section,  the  cropped  soils  contain  30  per  cent  less 
carbon  than  the  virgin  soils  and  the  alfalfa  soils  10  per  cent  less.  In  this 
section  the  changes  in  carbon  content  differ  fundamentally  from  the  changes 
in  nitrogen  which,  as  previously  pointed  out,  show  a  gain. 

14.  The  phosphorus  content  of  the  cropped  soil  is  lower  than  that  of  the 
alfalfa  soil,  or  soil  in  native  sod.  Alfalfa  removes  more  phosphorus  from  the 
soil  than  grain  crops.  The  fact  that  the  alfalfa  fields  do  not  show  a  lower 
phosphorus  content  than  the  soils  in  native  sod,  may  be  taken  to  mean  that 
there  has  been  a  transference  of  phosphorus  from  the  subsoil  to  the  surface. 
This  transference  has  probably  taken  place  because  of  falling  of  leaves.  Be- 
cause of  the  small  per  cent  of  phosphorus  and  the  limits  of  determinations, 
this  conclusion  is  not  so  well  substantiated  as  those  in  regard  to  nitrogen  and 
carbon. 

15.  In  the  humid  section,  the  surface  of  the  cropped  soil  contains  the  same 
amount  of  phosphorus  as  the  subsoils.  In  all  other  cases,  the  phosphorus 
content  of  the  surface  soil  is  higher  than  that  of  the  subsoils.  This  would 
point  to  a  definite  lowering  of  the  phosphorus  content  of  the  cropped  soil 
in  the  humid  section. 
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16.  In  the  sub-humid  and  semi-arid  sections,  most  of  the  soils  contain  1 
per  cent  and  more  of  calcium  and  nearly  all  have  some  calciimi  in  the  car- 
bonate form.  In  the  humid  section,  alfalfa  was  foimd  growing  on  four  soils 
successfully  in  which  the  calcium  content  was  less  than  0.5  per  cent.  The 
calcium  content  in  most  soils  varies  from  0.50  to  1  per  cent,  and  in  the  ma- 
jority the  carbonate  form  of  the  calcium  is  absent. 
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Technically  the  activity  of  an  acid  is  measured  by  the  concentration  of 
hydrogen-ions  which  it  gives.  Activity  is  determined,  therefore,  by  solubility 
and  ionization. 

It  Would  be  rather  presumptive,  however,  to  say  that  the  activity  of  the 
acids  present  is  the  only  factor  to  consider,  in  the  study  of  soil  reaction.  Soils 
are  very  complex  and  may  contain  a  large  number  of  acids  and  acid  salts, 
as  well  as  a  great  variety  of  bases.  The  interrelationships  of  the  various 
soil  acids  and  bases  is  also  extremely  complex,  and  very  difficult  to  point  out 
in  specific  terms. 

There  are  at  least  two  distinct  causes  which  have  been  given  for  the  acid 
condition  of  soils.  One  theory  is  that  soil  acidity  is  not  due  to  real  acids 
but  that  it  is  a  physical  phenomenon  which  has  been  called  adsorption.  The 
other  theory  which  is  subdivided  into  two,  is  that  soil  acidity  is  due  to  actual 
adds,  some  holding  that  these  acids  are  primarily  of  organic  origin  but  more 
believing  that  the  acids  are  mostly  of  mineral  origin. 

METHODS 

There  are  standard  methods  for  measuring  the  activity  of  acids  but  most 
of  them  are  not  easily  adapted  to  soils.  Truog  (11)  has  proposed  a  method 
which  depends  upon  the  competition  of  soil  acids  with  a  standard  acid  (acetic) 
for  base.  It  has  not  proved  very  satisfactory  so  far  as  tested  in  this  labora- 
tory. The  method  used  in  this  work  was  designed  primarily  for  the  deter- 
mination of  the  amount  of  lime  taken  up  by  acid  soils  and  is  not  presented 
as  especially  adapted  to  a  determination  of  acid  activity.  But  it  gives  some 
valuable  information  on  this  phase  of  the  problem  and  hence  the  results 
obtained  are  presented  in  the  following  pages. 

Such  degrees  of  activity  as  the  method  detects  depend  upon  the  rate  of 
reaction  of  acid  soil  and  pure  calcium  carbonate  brought  together  in  water 
suspension  and  thoroughly  mixed  by  constant  shaking.  The  carbon  dioxide 
is  removed  as  rapidly  as  evolved,  absorbed  in  sodium  hydroxide  and  titrated 
at  suitable  intervals.  This  is  a  modification  of  the  Tacke  method  (10),  the 
details  of  which  are  given  in  a  previous  discussion  of  acidity  methods. 

1  Thanks  are  extended  to  Dr.  P.  E.  Brown  for  suggestions  in  the  consideration  of  thb 

Bubject  and  for  reading  the  manuscript. 
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In  general  there  are  two  t>-pes  of  zddity  methods  applied  to  soil  work. 
By  one  the  concentration  of  hydrogen-ion  is  determined.  This  is  active 
acidity  which  may  cause  direct  toiicit>'.  The  other  type  determines  the 
amount  of  base  taken  up  by  add  soils.  Most  methods  come  in  this  latter 
class.  Such  methods  may  include  in  their  results  all  active  adds  capable  of 
giving  a  high  concentration  of  add  ion,  and  also  all  those  adds  which  may 
be  capable  of  reacting  but  give  only  neutral  indications  with  indicators.  A 
good  example  of  such  adds  is  potassium  add  phthalate,  which  is  more  properly 
speaking  an  add  salt,  but  nevertheless  it  reacts  with  its  fuU  equivalent  of 
base.  Insoluble  adds  and  proteins  might  be  expected  to  behave  in  much  the 
same  way,  though  reacting  more  slowly. 

It  would  seem  that  information  in  regard  to  add  soils  is  not  complete  untU 
both  its  degree  of  addity  and  its  capadt>'  for  taking  up  Ihne  are  understood. 
Unfortunatdy,  no  one  method  combines  these  two  phases  oi  the  question 
in  <me  determination. 

TABLE  1 
Ume  requiremun^  at  imienals  of  3,  6,  9  amd  21  hours 


i  ROCKS  6  mofcms  9  kocss     t    21  bocks 


ratMJ, 


Scat  i  i 

Loam 5,000  Ibs.^  6,100  Ihs.^  6,500  lbs.*,  7,000  lbs.* 

Incrase :  1,100 lbs.  •     400 lbs.  ;     500lbs.     7,000 lbs. 

IVr  cent  of  total 71.5      i       15.8  5.6  7.1  100 

^  These  results  are  all  expressed  as  pounds  per  acre,  of  ralrimn  carbonate 

Practically  all  methods  permit  the  reaction  of  readily  active  adds.  There 
is,  however,  a  great  \'ariation  in  their  capadty  to  show  a  reaction  with  slowly 
active  adds.  This  is  e\'idenced  by  the  fact  that  some  methods  show  two  or 
three  times  the  lime  requirement  of  others.  The  point  of  equilibrium  and 
the  rsqiidity  with  which  reactions  occur  are  determined  many  times  not 
primarily  by  the  acti\'ity  of  the  adds  but  by  the  more  or  less  ^'iolent  actions 
of  heat  and  strong  bases  and  also  by  the  mass  law.  When  one  product  of 
the  reaction  is  removed,  equilibrium  represents  a  more  advanced  stage  of 
decomposition.  Such  hastening  of  the  reaction  as  occurs  from  the  removal 
of  a  product  of  the  reaction  is  perfectly  legitimate.  Any  more  violent  stimu- 
lation of  the  reaction  would  likely  lead  to  results  that  would  never  be  obtained 
under  natural  conditions  in  the  field.  The  method  sdected  seems  more  nat- 
ural and  normal  than  anv  other  method  in  common  use. 

EXPF.RnrF.NTAL 

In  this  study  the  rate  of  reaction  of  soil  adds  in  different  soil  has  been 
compared  and  this  in  turn  compared  with  the  rate  of  reaction  of  the  addity 
of  buffered  solutions  of  known  hydrogen-ion  concentration.    None  of  the 
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first  soils  used  were  high  in  organic  matter  so  that  the  acidity  is  probably 
mineral  rather  than  organic.  Titrations  were  made  at  various  intervals, 
the  blank  on  the  soil  and  reagents  being  subtracted  each  time  so  that  the 
results  show  the  relative  reactivity  of  the  different  fractions  of  acidity. 

The  above  table  shows  that  nearly  three-fourths  of  the  soil  acids  had  re- 
acted at  the  end  of  3  hours,  assimaing  complete  reaction  to  have  taken  place 
in  the  whole  nm.  During  the  second  3  hours  only  a  little  more  than  a  fifth 
as  much  as  the  first  and  during  the  third  3  hours  about  a  third  as  much  as 
during  the  second  period,  reacted.  During  the  last  12  hours  only  one-tenth 
as  much  reacted  as  during  the  first  3  hours.  These  results  show  that  there 
is  a  considerable  portion  of  readily  reactive  acids  while  there  is  also  an  appre- 
ciable portion  that  is  quite  slowly  active.    Similar  results  are  shown  in  table  2. 

TABLE  2 
Lime  requirement  at  intervals  of  5,  8  and  20  hours 


5  HOURS 

8  HOURS 

20  HOURS 

TOTAL 

Saill 
T/>am   , 

5,660  lbs. 
80.6 

6,480  lbs. 
820  lbs. 
11.7 

7,020  lbs. 
540  lbs. 
7.7 

• 

TiiCTe-A5* 

Pfer  cent  of  total 

100 

In  this  test  four-fifths  of  the  acidity  reacted  at  the  end  of  5  hours.  At 
the  other  intervals  the  results  are  very  similar  to  those  in  the  first  test,  being 
nearly  identical  during  the  last  12  hours  of  the  run.  Results  with  soil  2, 
which  was  more  clayey  than  the  first,  are  shown  in  table  3. 

TABLE  3 
Lime  requirement  at  intervals  of  P,  24  and  36  hours 


Sml2 

Clay  loam 

Increase 

Per  cent  of  total. 


9  HOURS 

4,425  lbs. 
65.6 


24  HOURS 


5,700  lbs. 

1,275  lbs. 

18.9 


36  HOURS 


6,750  lbs. 

1,050  lbs. 

15.5 


TOTAL 


100 


This  soil  was  run  on  the  basis  that  nine  or  ten  hours  should  be  long  enough 
to  determine  all  acidity  of  a  degree  of  activity  sufl&cient  to  render  harmful 
effects  in  the  soil.  One  fact  is  quite  noticeable,  viz.,  that  adds  were  less 
reactive  in  this  soil  than  in  the  preceding  one.  While  nearly  two-thirds  of 
the  aridity  reacted  at  the  end  of  9  hours,  nearly  one-fourth  as  much  reacted 
during  the  last  12  hours  after  having  run  a  period  of  24  hours.  Since  this 
soil  was  inclined  toward  a  clay  texture,  it  was  probably  rich  in  acid  silicates 
and  these  were  evidently  slowly  reactive.  It  is  probable  that  during  the 
reaction,  hydrolytic  processes  occurred  and  perhaps  also  an  exchange  of 
bases,  but  such  reactions  have  occurred  at  a  progressively  decreasing  rate. 
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In  table  4  the  results  of  tests  of  soils  low  in  organic  matter  and  of  low  lii 
requirement  are  given,  titrations  being  made  at  intervals  of  3  hours.  Lili 
wise  some  soils  high  in  organic  matter  were  subjected  to  the  same  runs  f 
comparison. 

It  will  be  observed  that  soil  3  acted  as  though  it  had  a  considerable  reser 
acidity.  The  lime  requirement  was  fairly  high  and  the  last  3  hours  of  t 
run  gave  nearly  one-third  as  much  as  the  first  3  hours.  It  reacted  very  d 
ferently  from  No.  4  which  bad  a  lower  lime  requirement.  The  diflferen 
may  have  been  due  partly  to  the  amoimt,  as  well  as  kinds  of  add  presei 

TABLE  4 
Lime  requirement  at  intervals  of  3  hours 


SoU3 

Sandy  loam 

Increase 

Per  cent  of  total 

SoU4 

Sand 

Increase 

Per  cent  of  tota. 

SoU5 

Miami  silt 

Increase 

Per  cent  of  total 

Soil  6 

Muck 

Increase 

Per  cent  of  total 

SoU7 
Loam,  organic. 

Increase 

Per  cent  of  total 


TIME 


TOTAL 


3  HAS. 


3,700  lbs. 
59.7 

800  lbs. 
72.7 

1,800  lbs. 
72.0 

15,200  lbs. 
60.0 

12,400  lbs. 
72.9 


6bks. 


5,100  lbs. 

1,400  lbs. 

22.6 


1,100  lbs. 
300  lbs. 
27.3 


2,300  lbs. 
500  lbs. 
20.0 


19,400  lbs. 

4,200  lbs. 

16.4 


14,200  lbs. 

1,800  lbs. 

10.6 


9  HIS. 


6,200  lbs. 

1,100  lbs. 

17.7 


1,100  lbs. 
0 
0 


2,500  lbs. 
200  lbs. 
8.0 


25,400  lbs. 

6,000  lbs. 

23.6 


17,000  lbs. 

2,800  lbs. 

16.5 


100 


100 


100 


100 


The  first  soil  evidently  had  a  larger  total  acidity,  though  the  reactive  porti 
was  relatively  smaller.  The  more  highly  ionized  acids  should  depress  1 
less  active  ones  and  the  reaction  should  continue  longer  for  that  reason.  1 
second  soil  which  had  a  lower  lime  requirement  had  a  smaller  depression 
ionization  of  the  less  active  acids,  consequently  the  reaction  was  nearly  co 
plete  sooner.  Previous  data  indicate,  however,  that  several  hours  may 
required  on  some  soils  before  an  approximate  completion  of  reaction  is  reach 
It  is  not  beUeved  that  a  reaction  would  ever  be  absolutely  complete,  as  hydi 
ysis  or  hydration  or  other  changes  in  time  may  develop  a  new  acidity. 
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It  was  thought  that  soils  6  and  7,  being  very  add  and  rather  high  in  organic 
matter,  would  react  for  a  longer  time.  Consequently,  they  were  run  a  total 
of  23  hours.  There  was  a  marked  distinction  between  the  loam  and  the 
muck  soil,  the  latter  reacting  much  more  slowly.  This  again  may  be  ex- 
plained as  due  to  depression  of  ionization  of  the  less  reactive  acids,  especially 
by  the  buflFering  of  the  organic  matter  of  the  muck  soil. 

The  sandy  type  of  soil  reacted  more  readily,  since  there  was  less  buffering. 
But  silicious  soils  may  have  a  considerable  portion  of  insoluble  and  unreactive 
acids,  as  the  data  indicate. 

To  get  a  comparison  of  the  relative  rates  of  reaction  during  the  early  runs 
the  rate  per  hour  is  given  in  table  5.  This  can  be  obtained  only  for  equiva- 
lent periods,  since  it  would  obviously  be  unfair  to  compare  the  rate  for  a 

TABLE  5 
Rate  per  haur  of  reaction 


son.  xo. 

1 

3 

4 

5 

6 

7 


FIRST 

RATE 

SECOND 

RATE 

THIRD 

RATE 

FOURTH 

RATE 

17 

3  HOURS 

PER  HOUR 

3  HOURS 

PER  HOUR 

3  HOURS 

PER  HOUR 

3  HOURS 

P£K 
H0X7R 

HOURS 

5,000 

1,666 

1,100 

366 

400 

133 

500 

42 

3,700 

1,233 

1,400 

466 

1,100 

366 

800 

266 

300 

100 

0 

0 

1,800 

600 

500 

166 

200 

66 

15,200 

5,066 

200 

1,400 

6,000 

12,400 

4,133 

1,800 

600 

2,800 

RATE 

PER 

HOUR 


353 

165 


Per  cent  of  succeeding  h^nirs^  based  on  the  first  hourly  rate 


SECOND  3  HOURS 

THIRD  3   HOURS 

FOURTH  3  HOURS 

17  HOURS 

X 

21.4 

8.0 

2.5 

3 

37.8 

29.6 

4. 

40.0 

0 

5 

27.6 

11.0 

6 

27.6 

7.0 

T 

14.5 

4.0 

i-Hour  with  a  rate  for  a  10-hour  run.     Such  a  comparison  gives  a  standard 
\)asis  which  is  not  possible  in  presenting  percentages  of  total  acidity,  since 
SMcli  totals  nearly  always  depend  upon  the  length  of  the  run. 

A  very  great  variation  in  the  rate  of  reactivity  may  be  observed.    The 

ainount  of  acidity  which  reacted  during  the  second  3  hours  varied  all  the 

v^y  from  14.5  to  40  per  cent  of  that  which  reacted  during  the  first  3  hours. 

During  the  third  3  hours  the  variation  was  nearly  as  great,  running  from  0 

to  29.6  per  cent  of  the  amount  evolved  during  the  first  3  hours.    The  few 

flgures  obtained  for  the  very  long  runs  show  that  the  muck  was  holding  out 

inore  persistently  than  those  soils  which  have  less  organic  matter.    This 

would  indicate  a  comparatively  large  reserve  of  acidity  for  soils  high  in  organic 

niatter.    But  mineral  soils  may  have  a  rather  variable  reserve,  as  is  apparent 
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in  the  case  of  soil  3,  which  gave  a  high  run  during  the  third  3  hours.  Soil  1 
may  be  noted  for  its  low  reserve.  The  data  apparently  indicate  that  the 
rate  of  reactivity  and  reserve  acidity  does  not  depend  entirely  on  the  type 
of  soil. 

Some  greenhouse  studies  were  made  with  lime-treated  acid  soils  in  gallon 
jars.  The  lime  requirement,  taken  from  another  study,  by  the  modified 
Tacke  method  was  2.75  tons.  Lime  as  carbonate  was  applied  at  the  rate 
of  1-ton  increments  up  to  10  tons.  At  the  end  of  2  weeks  the  1-ton  treatment 
was  nearly  completely  exhausted.  By  4  weeks  2  tons  were  practically  ex- 
hausted, and  with  the  larger  applications,  6  to  10  tons,  an  amoimt  of  carbonate 
practically  equivalent  to  the  acidity  was  taken  up  at  the  end  of  2  weeks.  The 
average  of  all  high  treatments,  6,  7,  8,  9  and  10  tons,  was  exactly  2.75  tons 
used  by  the  soil.  The  determinations  were  made  by  obtaining  residual  carbo- 
nates and  subtracting  from  the  treatments. 

These  are  significant  figures  and  indicate  rapid  reaction  between  acid  soil 
and  lime  when  no  artificial  hastening  is  provided  other  than  intimate  contact 
in  the  presence  of  moisture.  Reaction  was  not  complete  at  this  point,  how- 
ever, as  the  average  amount  of  lime  taken  up  by  these  same  pots  21  weeks 
later  was  4.62  tons,  or  nearly  1.7  times  as  much.  For  the  sake  of  comparison, 
however,  it  may  be  observed  that  while  reaction  was  at  the  rate  of  nearly 
1.4  tons  per  week  during  the  first  two  weeks,  it  was  only  0.09  ton  per  week 
during  the  following  21  weeks.  After  this  if  determinations  had  been  made, 
the  reaction  rate  would  have  been  extremely  slow. 

These  results  show  quite  definitely  that  the  active  adds  of  soils  are  neutral- 
ized rather  quickly  in  the  presence  of  base,  but  that  the  same  soil  continues 
to  decompose  carbonates  very  slowly  even  when  there  is  no  leaching.  So 
far  as  evidence  goes  this  absorption  of  base  might  continue  indefinitely. 

The  same  soils  were  likewise  tested  for  acidity  both  quantitatively  and 
qualitatively  at  various  intervals.  The  first  qualitative  test  was  not  applied 
until  the  end  of  4  weeks,  but  at  this  time  the  3-ton  treated  soil  gave  a  neutral 
test  by  the  Truog  lead  acetate  method.  The  soils  receiving  treatments  of 
2  tons  were  slightly  acid.  The  quantitative  tests  gave  similar  results.  This 
again  indicates  that  the  active  acidity  was  quickly  neutralized  even  though 
the  soil  continued  to  take  up  a  considerable  quantity  of  lime.  These  data 
are  good  evidence  that  a  soil  may  remain  quite  active  in  decomposing  base 
after  all  appreciable  acidity  is  neutralized. 

These  results  are  wholly  from  the  side  of  the  acidity  present.  But  the 
base  used  has  a  very  marked  effect  also,  as  may  be  readily  shown.  Thus 
while  precipitated  calcium  carbonate  applied  at  the  rate  indicated  as  the  lime 
requirement  by  the  Tacke  method,  and  thoroughly  mixed  with  the  soil  which 
was  moistened  to  the  optimum  moisture  content,  caused  the  soil  to  react  to 
give  a  neutral  qualitative  test  by  simply  standing  24  hours,  three  times  the 
amount  of  natural  magnesian  limestone  did  not  give  a  neutral  indication 
even  after  several  days.  The  fineness  of  division  is  a  factor  in  the  above 
results,  but  the  nature  of  the  base  is  likewise  a  factor. 
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Under  field  conditions  lack  of  mixing  and  intimate  contact,  as  well  as  the 
co^LTseness  of  the  material  used,  would  undoubtedly  result  in  a  rather  slow 
reaction,  but  even  then  it  may  be  presumed  that  the  more  reactive  acids 
slt^  neutralized  comparatively  rapidly. 

STUDIES  WITH  KNOWN  H-ION  CONCENTRATION 

By  way  of  comparison  with  the  rate  of  reaction  of  acid  soils,  several  buffered 

solutions  were  prepared  and  tested  as  to  their  ability  to  decompose  calcium 

ca^rbonate.    First,  acetic  acid  was  buflPered  with  potassium  acetate,  using 

0.2  N  acid  and  normal  acetate.     With  an  H-ion  concentration  of  2.2  X  lO"* 

the  full  capacity  of  the  buffered  acid  was  exhausted  in  a  3-hour  run,  the 

lO  cc.  of  acid  used  liberating  10  cc.  of  carbon  dioxide  in  the  titration.    Similar 

results  were  obtained  when  the  H-ion  was   1.3   X   10~*  and  7.6  X   10~* 

in  all  tests  made.    Thus  carbon  dioxide  was  evolved  from  calcium  carbonate 

with  each  concentration  used,  to  the  full  capacity  of  the  acid  present.    The 

neutral  potassium  acetate  alone  liberated  no  carbon  dioxide,  as  would  be 

expected.    With  phenolphthalein  present  it  was  possible  to  follow  the  reaction 

by  tJie  pink  color  which  developed  at  the  end  of  2  hours,  indicating  that  the 

a-cid    had  been  exhausted.    The  experiment  ran  an  hour  longer,  however,  in 

a-U  oases  before  titration. 

Another  test  was  made  with  known  acid  and  hydrogen-ion  concentration 

^^  the  presence  of  the  soil.    The  effect  would  then  be  that  of  the  acid  added 

plvis  that  of  the  soil  acids.    Two  soils  were  used,  one  sandy  and  low  in  organic 

°^3.tt:er,  the  other  containing  less  sand  and  higher  in  organic  matter.    It  was 

fo\md  that  the  soil  exercised  no  appreciable  depressing  effect  upon  the  reaction 

'^^tL'Ween  the  acid  and  the  carbonate.    With  a  hydrogen-ion  concentration 

a^  loiv  as  7.6  X  10~*  the  full  capacity  of  the  acid  to  liberate  carbon  dioxide 

^''^^s^    exhausted  in  a  3-hour  run,  and  the  second  2  hours  gave  a  practically 

constant  acidity  with  and  without  the  acid  added.    In  other  words,  after 

the   first  3  hours  the  reaction  proceeded  as  though  no  add  had  been  added  to 

^he  soil.    Both  soils  behaved  in  the  same  way  and  although  one  had  a  rather 

"^Sh  lime  requirement,  this  requirement  was  not  depressed  and  the  full  capacity 

^^  tixe  acid  was  exhausted  in  the  first  3  hours.    The  sandy  soil  alone  liberated 

^  ^^^*  of  carbon  dioxide  and  the  soil  plus  10  cc.  of  N/2  acetic  acid,  buffered  to 

^"^^    a  hydrogen-ion  concentration  of  7.6   X    10~*  liberated   10.3  cc.  or 

^^ly  0.7  cc.  short  of  the  theoretically  possible  amount,  from  both  soil  and  add. 

^  A^nother  buffer  solution  prepared  from  sodium  hydroxide  and  monopotas- 

siun-^  acid  phosphate  (50  cc.  of  0.2  M  KH2PO4  and  29.63  cc.  of  0.2  M.  NaOH 

^^^t:ed  to  200  cc.)  with  a  hydrogen-ion  concentration  of  1  X  10"^,  or  the 

^^^o^e  as  that  of  pure  water,  was  used.    Likewise  (using  the  Clarke  and  Lubs 

v)    formulae  again)  a  concentration  of  H-ion  of  1.6  X  10~*  was  prepared. 

Tile  neutral  and  nearly  neutral  solutions  did  not  react  to  a  measurable  extent 

^  might  be  expected. 
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In  the  same  way,  using  potassium  acid  phthalate  and  sodiimi  hydroxide, 
H-ion  concentrations  of  6.3  X  10"^,  and  1  X  10"*,  also  1  X  10~*  were  tested. 
The  first  two  of  these  reacted  liberating  10.1  cc.  and  4.7  cc,  respectively,  of 
carbon  dioxide  titrated  as  N/10  acid.  The  other  concentration  did  not  react, 
and  all  reactions  were  complete  at  the  end  of  3  hours.  It  is  probable  that 
the  reaction  was  really  complete  sooner,  as  was  indicated  by  the  color  given 
to  the  indicater  (phenolphthalein)  after  one  to  two  hours,  but  titrations  were 
made  only  at  3-hour  intervals.  The  above  determinations  were  made  pri- 
marily to  discover  what  degree  of  buffering  would  yet  permit  of  reaction  be- 
tween the  acid  and  calcium  carbonate. 

With  the  same  idea  in  view  an  N/10  solution  of  glycocoll  and  also  some 
albumin  and  casein  were  tested.  All  failed  to  decompose  the  carbonate. 
It  is  noticeable  in  the  above  cases  that  potassium  acid  phthalate  which  is 
neutral  to  methyl  orange  will  react  with  carbonate,  or  sodium  hydroxide, 
and  may  be  titrated  with  phenolphthalein,  while  the  glycocoll  and  proteins 
used,  fail  to  react.  It  would  seem  that  compounds  which  contain  the  amino 
group  must  be  in  the  form  of  an  "inner  salt,"  as  is  sometimes  suggested,  the 
amino  groups  neutralizing  the  free  carboxyl  groups.  As  decomposition  occurs 
in  the  soil  the  carboxyl  groups  must  be  set  free,  but  whether  they  remain  to 
react  with  base  is  doubtful. 

Since  all  of  the  buffered  solutions  tested,  if  capable  of  reacting  at  all,  react 
to  completion  by  the  end  of  three  hours  or  less,  meaning  that  no  further  de- 
composition occurs  during  a  subsequent  run,  it  would  seem  that  soil  acids 
may  be  subject  to  considerable  buffering  and  yet  react  with  lime  at  an  appre- 
ciable rate.  Insolubility  is  probably  one  of  the  more  important  causes  for 
the  slow  reaction.  The  prolonged  decomposition  of  carbonate  by  acid  soils 
is  undoubtedly  due  in  part  to  a  continuous  hydration  of  silica,  or  to  the  hydrol-. 
ysis  of  various  alumino-silicic  acid  salts.  It  cannot  be  determined  at  what 
point  such  reactions  would  cease.  These  results  would  indicate  also  that 
even  the  more  actively  functioning  portion  of  acidity  of  most  soils  may  be 
held  at  a  low  ionic  concentration  due  to  buffering.  The  ionic  concentrations 
which  have  proved  capable  of  reacting  with  carbonates  are  lower  than  have 
proved  injurious  to  both  plants  and  soil  organisms.  But  the  studies  of  Sharp 
and  Hoagland  and  Plummer  have  shown  that  acid  soils  may  have  a  higher 
concentration  of  acidity  than  is  compatible  with  the  most  efficient  functioning 
of  many  plants  and  bacteria.  But  even  in  quite  acid  soils  organisms  may  be 
active  locally  if  in  contact  with,  or  protected  by  such  highly  buffered  materials 
as  the  proteins.  It  is  characteristic  of  emulsoid  colloids  to  act  as  protective 
colloids  by  forming  a  thin  film  about  the  colloidal  particles  of  another  sub- 
stance. Such  protection  can  operate  against  an  acidity  as  well  as  to  prevent 
precipitation  of  the  protected  colloid.  The  organic  colloids  or  protein  parti- 
cles may,  therefore,  serve  as  centers  of  bacterial  activity,  in  much  the  same 
way  as  lime  particles,  though  perhaps  less  effectively. 
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HOW  DO  SOILS  BECOME  ACID? 

With  the  above  experimental  data  as  a  basis  the  question  of  the  origin  of 

acid  soils  may  be  taken  up.    The  explanation  of  the  development  of  an  acid 

condition  in  soils  can  probably  be  given  only  in  part.    The  question  may  be 

conveniently  discussed  under  three  topics,  mineral  acids,  organic  acids,  and 

colloids. 

Mineral  acids 

If  it  is  assumed  that  the  mineral  portion  of  the  earth  was  once  a  molten 
magma,  then  by  cooling,  igneous  rocks  were  formed  and  from  these  by  weather- 
ing or  metamorphic  changes,  rocks  of  secondary  classification  were  derived. 
In  this  way,  together  with  the  accumulation  of  organic  debris,  soils  were 
built  up.  The  original  magma  being  primarily  a  mixture  of  oxides,  and  sili- 
cates of  alumina,  soils  are  of  the  same  general  nature.  Igneous  rocks  run 
as  high  as  80  per  cent  silicates  and  rarely  drop  below  40  per  cent.  Some 
soils  are  even  richer  in  silica  than  this,  partly  because  of  the  leaching  and 
weathering  of  less  resistant  constituents. 

The  formation  of  soil  from  minerals  has  been  predominantly  a  hydration 
process,  supplemented  by  oxidations  and  carbonations.  Because  of  the  hy- 
dration, marked  changes  occur,  not  only  in  weight  and  bulk  but  in  reaction 
and  in  susceptibility  to  reaction.  During  the  change  not  only  water  but 
oxygen  and  carbon  dioxide  are  absorbed.  Minerals  are  converted  into  acid 
salts,  and  these  constantly  vmdergo  further  change  by  disintegration  or  meta- 
thesis. Hydration  processes  may  produce  colloids,  of  which  clay  is  a  good 
example.  When  an  anhydride  becomes  hydrous  it  may  assume  acid  or  basic 
properties,  of  which  clay  again  is  an  example.  According  to  Loew  pure  clay 
is  capable  of  ionizing  as  both  an  acid  and  a  base.  But  under  agricultural 
conditions  the  acid  radicals  are  replaced  by  a  base,  if  not  naturally,  then  by 
the  addition  of  basic  material  to  the  soil. 

The  most  important  of  the  soil-forming  silicates  are  the  feldspars  and  feld- 
s|>athoids.  In  fact,  feldspars  constitute  about  60  per  cent  of  igneous  rocks, 
and  in  tracing  changes  which  occur  in  their  weathering,  a  suggestion  as  to 
the  origin  of  acid  soils  may  be  obtained. 

Starting  with  the  feldspars,  the  first  change  which  occurs  is  probably  simple 
hydration  which  would  result  in  the  formation  of  zeolites  or  other  hydrates. 
Long  contact  with  water  is  the  only  essential  for  this  change  to  occur.  Thus 
soda  feldspar,  albite  (Na20.Al208.6Si02)  might  change  to  the  zeolite,  natrolite 
(Na1O.Al2O8.3SiO2.2H2O)  by  hydration  and  the  splitting  off  of  3  molecules 
of  silidc  anhydride  (SiOi).  After  hydration  further  changes  probably  occur 
rather  rapidly.  In  fact,  it  is  disputed  that  zeolites  exist  in  soils.  But  other 
hydrated  silicates  do  exist. 

As  the  soil  is  tilled  and  bacterial  activity  is  increased,  the  rate  of  decay  of 
minerals  is  much  increased.    Consequently,  cultivated  soils  are  likely  to  be- 
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come  acid  much  more  rapidly.  The  soil  bases  are  leached  as  bicarbonate 
and  the  production  of  carbon  dioxide  naturally  stimulates  3uch  changes 
Thus  the  loss  of  lime  from  the  zeolite,  chabizite,  (CaO.Al2Os.4SiQs.2HsO] 
would  probably  follow  or  accompany  the  hydration  of  the  original  feldspar 
The  calcium  would  thus  leach  away  as  bicarbonate,  leaving  probably  some 
silica,  and  clay  (Al2Os.2SiOs.2H2O),  which,  though  it  probably  seldom  exists 
in  the  soil  in  pure  form,  is  nevertheless  a  complex  acid  salt. 

The  above  reactions  are  not  given  as  those  which  must  occur  but  only  as 
typical  of  those  which  are  likely  to  occur.  The  feldspars  and  other  aluminc 
silicates  are  really  salts  of  various  hypothetical  silicic  acids  which  are  weak 
acids,  and  such  bases  as  potassium,  sodiimi  and  calcium,  which  are  strong 
bases.  It  is  entirely  logical  that  such  salts  should  be  hydrolyzed,  leaving  the 
quite  insoluble  and  slightly  ionized  add  or  add  salt  to  acounulate  in  the  soil, 
while  the  soluble  base  is  leached  away.  Most  bases  are  rather  soluble  as 
bicarbonates,  and  even  the  silicates  of  sodium  and  potassiiun  are  highly 
leachable. 

As  specific  examples  there  may  be  mentioned  caldiun  fddspar,  which  is 
a  salt  of  alumino-disilicic  acid;  potash  feldspar,  a  salt  of  alumino-hexasilidc 
acid,  natrolite  and  leucite,  salts  of  aliunino-tri  and  alumino-tetra-silidc 
acids,  respectively.  The  prefixes  di-,  tri-,  etc.,  refer  to  the  nmnber  of  silidc 
acid  molecules  which  occur  in  the  compound.  The  di-silidc  add,  though  it 
might  not  be  obtained  in  the  free  state,  would  represent  the  combination  ol 
two  molecules  of  silicic  acid  with  an  accompanying  loss  of  one  molecule  ot 
water.  As  hydrolysis  occurs,  the  acids  must  be  partially  or  wholly  freed  andj 
therefore,  rendered  active  and  capable  of  taking  up  lime  or  other  bases  whid 
might  come  into  contact  with  them.  Ash  and  Ash  give  a  formula  (2HsOi 
2Al203.8Si02)  which  is  an  alumino  silicic  acid  and  as  salts  of  such  an  add 
(2Na20.2Al203.8Si02)  analcine,  or  (CaO.Na20.2Al20s.8Si02)  andesite.  AI 
though  the  specific  formulae  are  not  of  great  significance  they  are  of  vain 
for  the  sake  of  illustrating  changes  which  may  occur. 

It  may  be  observed  also  that  the  salts  of  this  acid  contain  no  water,  the 
is  the  acid  is  represented  as  containing  only  add  (or  base)  water  as  oppose 
to  water  of  crystallization.  The  results  of  Conner  (4)  are  likewise  significan 
in  this  connection.  He  found  that  not  only  the  amoimt  of  Si02  but  also  the 
amount  of  water  in  the  silicates  of  alumina  had  a  marked  effect  upon  their 
reaction.  Those  silicates  with  very  little  water  or  very  little  of  both  water 
and  silica  were  not  acid»  while  those  containing  considerable  of  both  were 
highly  acid.  This  would  indicate  that  much  acidity  might  be  due  to  alumino- 
silicic  acid  or  acid  silicates,  and  that  silicic  acid  is  capable  of  producing  a 
lime  requirement  in  soils. 

It  is  not  thought,  however,  that  silicic  acid  can  give  a  high  hydrogen-ion 
concentration  to  soils,  but  the  alumino  silicic  acids  by  virtue  of  the  insolu- 
biUty  of  their  salts  may  liberate  stronger  adds,  and  there  can  be  but  little 
doubt  that  they  take  up  base  and  are,  therefore,  partly  responsible  for  a  consid 
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erable  portion  of  the  lime  requirement  shown  by  many  acidity  methods. 
But  it  is  possible  as  suggested  by  Maclntire  (7)  that  silicic  acid  is  really  a 
stronger  add  than  is  commonly  supposed.  This  author  has  found  that  large 
amounts  of  magnesiiun  carbonate  may  be  converted  into  silicates  in  the  soil 
in  a  very  short  time.  But  it  is  quite  possible  too  that  such  a  silicate  would 
react  again  in  part  at  least  to  neutralize  stronger  adds.  Sodium  or  potassium 
silicate  should  yield  considerable  free  base  by  hydrolysis,  and  would,  therefore, 
have  neutrali2dng  power.  Magnesiimi  silicate  similarly  to  caldiun  should 
function  as  a  strong  base  relative  to  the  solubility. 

But  other,  though  less  abimdant,  adds  may  be  credited  with  the  major 
injurious  reaction  of  soils.  Sulfuric  acid  which  may  result  from  the  oxidation 
of  sulfur-containing  minerals  such  as  pyrites,  or  sulfur-containing  proteins, 
or  by  the  oxidation  of  free  sulfur,  produces  deddedly  harmful  effects  if 
base  is  not  present.  This  is  very  emphatically  demonstrated  on  anmionium- 
sulfate  treated  plots  where  the  cumulative  effect  of  several  years  has  been 
noted.  The  same  effects  may  result  from  the  use  of  potassiimi  chloride. 
These  adds  are  doubtless  sometimes  set  free  through  an  exchange  of  bases, 
such  as  the  substitution  of  potassium  for  aluminum  in  zeolites  (if  present), 
feldspars  or  other  complex  soil  minerals.  Parker  (9)  in  particular  has  observed 
such  substitutions  to  occur  under  experimental  conditions.  The  hydrolysis 
of  the  aluminum  salt  would  give  a  highly  add  reaction.  According  to  the 
work  of  Conner  (4)  this  is  the  primary  cause  of  acidity  on  certain  soils,  and 
the  addity  is  reduced  by  treating  the  soils  with  phosphate  which  removes  the 
aluminum  and  iron  from  a  sphere  of  active  functioning. 

Nitric,  though  a  strong  add,  is  perhaps  not  often  directly  responsible  for 
an  injurious  soil  reaction  for  two  reasons.  Nitrates  are  used  largely  by  all 
plants  and  soil  organisms,  and  are  rapidly  leached  from  the  soil  if  not  used. 
But  leaching  removes  base  and  in  this  indirect  way  promotes  addity.  If 
the  nitrification  process  were  very  rapid  there  would  likely  result  an  unusual 
depletion  of  soil  bases.  In  this  same  connection  it  is  worthy  of  note  that  no 
highly  soluble,  reactive  acid  can  long  exist  in  the  free  state  even  in  the  absence 
of  base,  because  of  leaching.  Likewise  the  salts  of  such  adds  in  so  far  as  they 
are  soluble,  are  rapidly  leached  from  humid  soils. 

A  very  important  add  from  the  standpoint  of  plant  economy  is  phosphoric. 
This  is  a  rather  weak  acid  being  only  about  17  per  cent  ionized  in  an  N/2 
solution.  It  is  not  likely  however,  that  any  harmful  acidity  may  result  from 
the  use  of  phosphates. 

When  addity  is  designated  as  a  condition  which  results  in  the  taking  up 
of  lime,  part  of  such  a  Ume  requirement  is  imdoubtedly  not  the  result  of  the 
presence  of  toxic  acids.  According  to  van  Bemmelen  (1),  though  zeolitic 
silicates  or  other  hydrous  silicates  may  take  up  bases  by  exchange,  not  all 
are  absorbed  with  the  same  readiness.  The  order  given  is  potassium,  ammo- 
wum,  sodium  and  caldum,  in  descending  scale.  Calcium  is  one  of  the  last 
to  be  hdd  and  should  accordingly  have  ample  opportvmity  for  leaching, 
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and  it  is  true  in  practice  that  calcium  is  lost  by  soil  leaching  to  a  much  greater 
extent  than  any  other  base.  On  this  account  as  well  as  for  economic  reasons, 
lime  is  the  chief  base  likely  to  be  needed  for  artificial  soil  treatment.  Potas- 
sium which  is  used  to  a  larger  extent  by  plants,  being  absorbed  readily,  is 
leached  only  slightly  and  most  soils  except  sands  contain  an  abundant  supply. 
The  extent  of  potassium  absorption  is  evident  from  the  fact  that  in  river  water 
there  is  only  about  one-third  as  much  potassium  as  sodium,  while  in  the  ocean 
the  ratio  has  been  reduced  to  one-thirtieth  as  much  (2).  The  original  soil  not 
only  gives  up  its  potassium  reluctantly  as  compared  with  sodium,  but  the 
river  silt  removes  the  former  base  much  more  rapidly  than  it  does  the  latter 
and  consequently  it  is  mainly  sodium  which  is  carried  into  the  sea.  From 
the  acidity  phase  of  the  question  the  above  consideration  is  significant  in  that 
it  indicates  that  at  least  a  part  of  the  base  taken  up  by  acid  soils  is  the  result 
of  chemical  absorption  by  complex  acid  silicates,  which  is  a  valuable  natural 
check  upon  the  loss  of  soil  bases. 

Basic  minerals  (those  having  less  than  55  per  cent  of  silica)  weather  much 
more  rapidly  than  acidic  minerals,  so-called  because  of  higher  silica  content 
rather  than  because  of  reaction.  Clays  are  predominantly  acidic  and  weather 
very  slowly.  According  to  Clark  and  Steiger,  on  the  other  hand,  minerals 
such  as  apophyllite,  natronlite  and  pectolite  react  alkaline  when  moistened, 
but  such  minerals  give  up  their  alkalis  rather  readily.  Practically  all  minerals 
are  soluble  and  subject  to  decay,  most  of  them  appreciably  so  in  water,  especi- 
ally in  the  presence  of  carbon  dioxide.  Organic  acids  likewise  increase  the 
rate  of  dissolution.  Oxides  of  iron  and  aluminum  are  the  most  refactory  and 
least  likely  to  be  removed  by  leaching  of  all  minerals  occurring  in  crystalline 
silicious  rocks.  These  same  minerals,  however,  undergo  many  changes  of 
combination  and  are  a  continuous  possible  source  of  soil  acidity  if  conditions 
become  right,  for  acid  functioning. 

In  general,  it  may  be  said  that  an  injurious  mineral  acidity  is  not  only 
possible  but  highly  probable  in  most  acid  soils.  Or  to  state  the  situation 
more  logically,  when  there  is  a  toxic  acidity  in  soils,  the  acid  ion  probably  has 
its  source  in  a  mineral  add  and  much  of  the  reserve  acidity  is  likewise  of  the 
same  nature.  Such  acids,  many  of  them  quite  insoluble  and  not  subject 
to  oxidation,  must  result  in  a  rather  stable  acidity.  But  the  concentration 
of  hydrogen-ion  which  is  furnished  and  the  consequent  injury  to  plants  or 
soil  organisms  is  a  complicated  and  as  yet  not  specifically  determined  problem. 
According  to  Truog,  it  is  rather  the  lime  requirement  of  the  plant  than  that 
of  the  soil  which  is  significant.  Such  would  undoubtedly  be  true  on  soils 
of  weakly  active  acids  where  bases  were  lacking.  In  the  presence  of  stronger 
adds  in  larger  amounts  it  is  probably  true  that  a  direct  injury  results  to  plants 
from  the  acids  themselves.  Crops  often  have  short  stubby  and  stunted  roots 
when  grown  in  acid  soils  evidently  because  the  acidity  is  not  favorable  to 
the  spreading  and  elongation  of  the  root  systems.  But  the  effect  of  reaction 
upon  the  microscopic  flora  of  the  soil  is  of  just  as  great  significance  as  is  the 
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^fect  upon  higher  plants.    Most  bacteria  do  not  feed  upon  bases  so  that  the 

ciuestion  comes  to  be  in  this  case  one  of  reaction  rather  than  of  food  supply. 

Such  hydrogen-ion  studies  as  have  been  made  show  that  there  is  a  more 

or  less  definite  concentration  which  organisms  are  able  to  endure.    Soils  are 

found  to  have  too  great  an  acidity  for  certain  organisms,  especially  nitrifying 

nitrogen-fixing  organisms,  and  under  such  conditions  the  specific  organism 

present  only  sparsely.    Its  presence  is  doubtless  due  to  the  fact  that  there 

local  alkaline  or  buffered  regions  where  the  organisms  may  multiply  and 

tJie  fact  that  resistant  strains  tend  to  develop  under  acid  conditions. 

Organic  acids 

'JL'here  are  two  distinct  kinds  of  material  which  may  give  rise  to  organic 

s.    These  are  the  proteins  and  the  carbohydrates.    If  the  proteins  are 

idered  it  is  found  that  their  acid  equivalent  depends  upon  the  number 

carboxyl  groups,  while  the  net  acidity  and  reaction  of  the  protein  de- 

<is  upon  the  relative  number  of  carboxyl  and  amino  groups,  the  one  group 

1  about  offsetting  the  effect  of  the  other.    Proteins  are  probably  only  very 

tly  ionized,  and  for  that  reason  would  react  very  slowly  with  soil  bases. 

they  may  be  present  in  the  form  of  an  "inner  salt"  and  would  therefore 

:t  very  little  with  lime,  until  decomposed. 

xoteins  are  made  up  of  amino  acids  and  when  decomposition  occurs  it 
t>Tought  about  by  a  hydrolytic  process,  water  being  added  at  the  peptide 
^e,  thereby  freeing  the  amino  acids.    When  the  decomposition  process 
proceeded  this  far  there  can  be  little  effect  toward  increasing  the  hydrogen- 
concentration  of  the  soil.    Most  of  the  amino  acids  such  as  amino  acetic, 
o  propionic,  tyrosine,  lysine,  arginine,  histidine,  and  phenylalanine  have 
ionization  constants  of  an  order  of  magnitude  varying  from  2  X  10~* 
X  10~"  which  is  much  too  weak  to  have  a  very  harmful  effect.    The 
constant  for  carbonic  add  is  3  X  10~^  and  it  would  not  be  expected  there- 
that  the  much  weaker  amino  acids  would  very  readily  displace  carbonic 
from  its  salts,  and  thereby  use  up  base.    But  such  reactions  do  occur 
there  are  calcium  and  other  salts  of  proteins.    But  these  same  amino 
s  have  basic  ionization  constants  of  practically  the  same  order  of  magni- 
5,  the  values  varying  from  about  5  X  10"*  to  3X  10-".    Some  are  slightly 
addic  than  basic,  others  the  reverse,  but  the  sum  total  effect  would  be 
neutral. 
"The  next  step  in  decomposition  would  probably  be  the  splitting  off  of  am- 
^^°c\otiia  from  the  amino  adds.    Taking  amino  acetic  add  as  an  example,  it 
'ttuiy  readily  be  seen  that  the  ammonia  produced  will  be  fully  equivalent  to 
the  acetic  add,  and  the  effect  upon  soil  reaction  will  still  remain  negative, 
anunonia  and  acetic  add  having  practically  the  same  ionization  values.    And 
the  common  organic  adds  which  might  originate  in  this  way  are  of  practically 
the  same  strength.    Thus  acetic,  valeric,  butyric  and  propionic  adds  have 
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constants  of  the  order  of  magnitude  of  1.6  X  10~^.  These  same  fatty  adds 
might  be  formed  just  as  well  from  carbohydrates  and  in  that  case  no  ammonia 
prCNluction  would  accompany  the  process,  and  whatever  adds  were  produced 
could  increase  the  actual  acidity  of  the  soils.  Such  adds  are  strong  enough 
to  give  an  appreciable  hydrogen-ion  concentration  and  would  really  be  in- 
jurious in  case  they  were  stable.  But  it  is  a  well  known  fact  that  many  organic 
adds  are  quite  volatile  or  readily  oxidized,  and  it  is  questionable  if  \mder  any 
condition  favorable  to  crop  production  there  would  be  a  noticeable  accumu- 
lation of  organic  adds.  Organic  adds  are  suitable  sources  of  energy  for  cer- 
tain soil  organisms  and  when  aeration  is  provided  they  are  probably  oxidized 
about  as  they  are  produced.  Such  data  as  are  available  indicate  this  to  be 
true. 

But  considering  again  the  e£Fect  of  the  ammonia  which  is  liberated  along 
with  the  fatty  adds  in  protein  decomposition,  as  well  as  other  nitrogen  bases 
which  might  occur,  it  is  very  evident  that  nitrification  must  occur  sooner  or 
later.  This  not  only  removes  base,  but  produces  strong  nitric  add  at  the 
same  time  and  should,  therefore,  have  a  marked  effect  upon  soil  reaction. 
In  many  soils  there  is  several  times  as  much  nitrate  produced  as  is  used  by 
growing  crops.  The  nitrates  are  readily  leached  and  in  this  way  remove 
large  amoimts  of  base  and,  therefore,  tend  to  cause  base-poor  soils.  This 
is  another  reason  why  tilled  soils  may  become  add  rapidly.  Virgin  soils 
nitrify  much  more  slowly  as  a  rule,  and  there  is,  therefore,  more  of  the  buffer- 
ing effects  of  accumulated  proteins  as  well  as  less  leaching  of  bases  in  the  form 
of  nitrates. 

The  general  indication  is,  therefore,  that  organic  matter  is  not  likdy  to 
produce  a  harmful  soil  acidity.  During  the  wet  season  when  the  soil  is  satu- 
rated and  oxidation  cannot  proceed  readily,  there  may  be  an  accumulation  of 
organic  adds.  But  when  dry  conditions  prevail  these  adds  rapidly  oxidize 
and  disappear.  The  general  effect  of  organic  material  would  seem  to  be  to 
keep  down  acidity  rather  than  to  increase  it.  Proteins  are  good  buffers, 
which  means  that  they  are  capable  of  combining  with  either  acid  or  base 
without  changing  in  reaction.  If  the  reaction  is  with  stronger  adds  there 
is  a  reduction  of  the  acidity  in  terms  of  hydrogen-ion.  If  they  combine  with 
base,  it  is  only  prevented  from  leaching,  since  many  protein  salts  as  well  as 
organic  add  salts  are  quite  insoluble  and  non-leachable.  But  decomposition 
will  finally  liberate  the  base  and  it  may  then  neutralize  a  strong  add.  Thus 
calcium  dtrate  or  oxalate  should  be  just  as  effective  as  lime  in  neutralizing 
sulfuric  add,  since  either  of  these  organic  acids  would  be  expected  to  disap- 
pear from  the  soil  quite  rapidly  when  liberated. 

The  question  may  arise  why  peat  and  muck  soils  should  become  very  add. 
In  reply  it  may  be  stated  that  conditions  are  very  different  here  from  those 
found  in  ordinary  soils.  The  content  of  organic  matter  is  very  high,  aeration 
18  usually  not  good,  since  such  soils  occur  only  in  low  and  wet  places.  And 
mineral  bases  are  usually  not  present.    Where  bases  are  present  addity  does 
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XB^ot  occur.  Such  soils,  therefore,  become  acid  because  conditions  are  ex- 
-t^emely  favorable  to  the  large  production  of  organic  acids,  with  little  oppor- 
^-mmty  for  their  removal.  In  general,  such  soils  would  be  expected  to  take 
large  amounts  of  lime,  even  though  the  hydrogen-ion  concentration  might 
ot  be  high. 

Colloids  and  soil  reaction 

As  stated  above,  soil  acidity  has  been  attributed  to  adsorption  of  bases 

colloids,  though  this  explanation  is  usually  thought  to  be  entirely  inade- 

«iate.    A  question  naturally  arises  as  to  why  and  how  colloids  may  contribute 

acidity.    The  answer  may  possibly  be  found  in  the  size  of  colloid  particles. 

It  may  be  stated  that  practically  any  material  may  form  a  colloid  if  ob- 

ined  in  the  proper  state  of  divisions.    Colloidal  particles  are  larger  than 


ndiiiary  molecules  and  yet  not  large  enough  to  settle  out.  The  average 
olecule  is  estimated  at  2  X  10""^  cm.  while  the  range  of  colloids  is  usually 
j>l^ced  at  from  0.1/z  to  1.0/*  /*,  which  is  1  X  10~'  to  1  X  10~*  cm.  There  may 
therefore,  several  thousand  molecules  in  one  colloidal  particle.  On  the 
hand,  single  molecules,  such  as  the  hemoglobin  molecule  which  is  2.3 
to  2.5  X  10"'  cm.  in  diameter,  may  be  large  enough  to  form  a  colloid. 

Tlie  effect  of  a  colloid,  therefore,  is  greatly  to  increase  the  surface  of  any 
liQxxld  in  which  it  may  be  suspended.  And  since  adsorption  is  a  siuiace 
pH^^omenon,  the  relation  to  colloids  becomes  evident.  This  relationship 
be  further  demonstrated  as  follows  (5) :  Suppose  that  1  cc.  of  a  substance 
reduced  to  cubes  0.1/*  on  each  edge  and  suspended  in  water.  The  volume 
^f  one  cube  becomes  0.1/**  or  1  X  10""  cc.  The  number  of  particles,  therefore, 
»^  1  X  10""".  The  surface  of  one  particle  is  6  X  (0.1/*)*  or  6  X  10"^®  sq.  cm. 
the  total  surface  is  6  X  10^  sq.  cm.  The  surface  of  the  original  cube  was 
6  sq.  cm.  Therefore,  the  surface  of  the  water  suspension  of  the  divided 
P^-rticles  is  increased  100,000  times.  The  surface  tension  of  water  expressed 
ci3aies  per  square  centimeter  has  likewise  been  increased  100,000  times, 
since  those  substances  which  reduce  the  surface  energy  tend  to  accumu- 
in  the  surface,  a  much  larger  quantity  of  substances  low  in  surface  energy 
be  adsorbed.  According  to  the  adsorption  theory  of  soil  acidity,  bases 
the  surface  energy  and  therefore,  are  adsorbed  and  removed  as  though 
^^3^  had  been  taken  up  by  acids. 

If   this  were  the  correct  theory  for  soil  acidity,  such  a  phenomena  could 

"^  I>ioduced  by  any  sort  of  finely  divided  material,  and  it  should  be  possible 

to  crx-eate  an  acidity,  increasing  or  decreasing  it  at  will  by  varying  the  quantity 

^^  size  of  colloidal  particles  in  suspension.   No  data  of  this  kind  are  available. 

^-xid  again  it  may  be  observed  that  such  substances  as  fatty  adds  and 

otlx^^  organic  materials  have  a  very  low  surface  energy,  acetic  acid  having 

aXi  energy  of  23  dynes  compared  to  73  dynes  for  pure  water  at  the  temperature 

oi    20®C.    If  organic  adds  did  occur  in  soils   they  would,  therefore,  be 

^A^orbed  to  a  much  greater  extent  than  mineral  bases.    There  seems  to  be 
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no  surface  tension  data  for  the  alkalis,  but  the  surface  tension  of  mineral  ad 
such  as  sulfuric  and  hydrochloric  and  their  salts,  is  greater  than  that  of  pi 
water,  varying  from  about  74  to  80  dynes  per  square  centimeter.  Eviden 
therefore,  seems  to  be  rather  against  the  theory  that  the  adsorption  of  ba 
is  responsible  for  what  is  commonly  called  soil  acidity,  though  it  is  entir 
possible  that  true  acids  or  bases  present  in  the  soil  from  whatever  sou 
may  be  adsorbed  and  held  in  a  very  similar  way  as  hygroscopic  or  soil  fi 
water. 

There  is  no  question  but  that  colloids  of  both  mineral  and  organic  nati 
are  present  in  abundance  in  soils,  and  that  they  play  a  part  in  soil  add 
through  chemical  action.  Colloids  are  natural  phenomena  of  rock  formati< 
The  original  molten  magma,  which  was  a  mineral  solution,  contained  i 
various  ions  which  reacted  with  each  other  to  form  the  complex  silicates 
aluminum,  such  as  feldspars  and  feldspathoids  which  by  subsequent  alte 
tions,  produced  soils.  In  the  cooling  of  the  magma  various  minerak,  acqo 
ing  as  their  fusing  temperature  is  low  or  high,  separated  out  at  certain  intervs 
the  feldspars  and  silicic  anhydride  being  probably  among  the  last  to  separa 
If  the  cooling  was  very  rapid  a  glass  or  highly  viscous  colloid  separated. 
the  cooling  was  slow  enough,  crystallization  occurred.  As  a  matter  of  fs 
the  formation  of  a  colloid  may  be  thought  of  as  a  process  of  crystallization 
which  most  of  the  crystals  formed  are  infinitely  small. 

The  most  important  mineral  colloids  of  soils  are  the  clay  and  zeolites  a 
similar  hydrated  silicates  or  secondary  products  of  rock  formation,  and  t 
less  important  extent  hydroxides  of  iron  and  aliunina  and  sometimes  sili 
add.  It  is  characteristic  of  colloids  to  be  rather  highly  hydrated,  the  wa 
being  hdd  loosely,  chemically  combined  and  ionizing  sometimes  as  an  a 
and  again  as  a  base.  The  amphoteric  nature  of  colloids  is  due  to  their  abil 
to  undergo  the  two  kinds  of  ionization,  the  particular  kind  undoubtedly 
pending  on  several  factors.  The  presence  of  strong  adds  would,  of  com 
favor  the  basic  ionization. 

There  is  little  question  but  that  colloids  exhibit  a  capadty  for  taking 
bases.  But  it  is  seldom  that  a  colloid  may  give  a  toxic  hydrogen-ion  c 
centration,  and  whether  there  is  a  physical  adsorption  by  colloids  is  an  o| 
question.  According  to  Langmuir  (6)  adsorption  is  entirdy  chemical,  i 
adsorbed  material  being  held  by  chemical  forces  exerted  upon  active  grot 

such  as  "OH,  =  CO,  ~C\)i    tc.  present  in  the  adsorbed  molecules.    T 

chemical  force  is  active  in  the  surface  layer  of  the  adsorbing  surface.  1 
adsorption  theory  of  Harris  depending  upon  the  Helmholtz  double  la; 
hypothesis  is  likewise  reaUy  chemical,  since  there  is  an  exchange  of  ions  i 
chemical  forces  operating  to  hold  the  adsorbed  ions.  It  may  be  considei 
at  least  true  that  a  colloid  will  take  up  base  in  so  far  as  it  ionizes  as  an  ac 
but  such  a  reaction  is  only  an  ordinary  chemical  phenomenon. 
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Practically  all  organic  materials  of  the  soil  are  colloids,  and  mostly  of  the 
emulsoid  type.  An  important  distinction  between  suspensoid  and  emulsoid 
colloids  is  found  in  the  amoimt  of  water  of  hydration.  Thus  albumin  may 
hold  many  times  its  weight  of  water.  Mineral  colloids,  on  the  other  hand, 
rarely  hold  more  than  10  to  20  per  cent  as  bound  water.  This  aflSnity  for 
water  is  responsible  for  a  number  of  colloidal  properties.  Thus  the  swelling 
of  soils  is  due  to  the  taking  up  of  water  by  soil  colloids,  and  the  shrinking 
and  cracking  is  due  to  reverse  conditions,  loss  of  water.  The  large  amoimt 
of  water  of  emulsoid  colloids  also  causes  the  colloid  to  have  nearly  the  same 
index  of  refraction  of  light  as  the  pure  water  in  which  it  is  dissolved,  which 
means  that  the  solvent  and  solute  are  nearly  homogeneous.  The  large  amount 
of  water  present  causes  such  colloids  to  function  as  a  solvent  for  mineral 
nutrients. 

The  reaction  of  most  colloidal  material  of  the  soil  is  nearly  neutral  or  only 
slightly  acidic.  Partly  for  this  reason  and  partly  because  of  food  supply 
organisms  are  more  numerous  and  active  in  the  presence  of  organic  matter. 
It  is  possible,  however,  to  have  a  highly  organic  soil  which  is  not  active  bac- 
teriologically.  This  condition  occurs  in  peats  and  forest  soils  and  is  usually 
attributed  to  acidity.  Acid-resistant  fungi  such  as  molds  are  characteristic 
oi  such  soils. 

It  is  probable  that  in  mineral  soils,  organic  materials  are  present  as  pro- 
tective colloids  about  the  fine  mineral  particles  of  the  soil  mass.  In  this 
H)rganic  layer  or  film,  organisms  are  active,  and  it  is  likewise  here  that  soil 
reaction  fimctions.  It  is  generally  found  that  burning  a  soil  destroys  its 
acidity  and  makes  it  an  especially  suitable  medium  for  bacterial  action.  This 
is  likewise  easily  explained  when  the  nature  of  colloidal  material  is  imderstood. 
Mineral  silicates  and  also  organic  colloids  are  dehydrated  by  burning.  Since 
the  colloid  owes  its  acid  properties  to  its  water  of  hydration,  it  is  quite  natural 
that  acidity  should  be  destroyed  by  heat.  Other  stronger  acids  such  as  nitric 
would  be  either  volatilized  or  converted  into  harmless  salts  by  bases  in  the 
ash  of  the  organic  constituents.  Then,  too,  since  colloids  have  the  property 
^f  swelling  and  because  of  their  fineness  of  division,  of  filling  all  interspaces 
^f  soil  particles,  aeration  of  the  soil  is  much  increased  by  burning.  Ignited 
^il  then  becomes  an  excellent  medium  for  aerobic  organisms  and  is  often 
used  for  their  study  in  the  laboratory. 

CONCLUSION 

In  the  natural  processes  of  soil  formation  such  as  the  kaolinitization  of 
feldspars,  bases  are  removed,  tending  to  leave  acid  alumino-silicates,  or 
silicic  anhydride  capable  of  rehydration  to  acid  silica,  with  the  result  that 
mineral  soils  may  have  a  comparatively  large  reserve  of  slowly  reactive  adds. 
Such  adds  are  capable  of  a  more  or  less  indefinite  but  continuous  decomposition 
of  carbonate. 
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Toxic  add  reactions,  however,  are  more  probably  diie  to  the  presence  of 
more  soluble  and  highly  ionised  acids,  such  as  sulfuric  or  hydrochloric, 
nitric,  etc.  usually  introduced  by  some  sort  of  fertilizing  treatments.  Such 
acids  exert  toxic  action  because  of  previous  removal  of  base  primarily  by 
leaching.  It  is  only  seldom  and  in  highly  organic,  poorly  drained  soils  that 
organic  acids  accumulate  to  a  detrimental  extent.  This  may  be  observed 
in  peat  soils  but  not  often  in  soils  of  mineral  types.  In  fact,  organic  matter 
quite  likely  depresses  the  more  active  acidity  by  buffering  and  by  supplying 
base  in  the  form  of  anmionia  or  its  derivatives. 

The  phenomena  of  absorption  of  base,  commonly  classed  as  acidity,  is  a 
very  desirable  action  resulting  as  it  does  in  the  fixation  of  elements  otherwise 
lost  in  the  drainage.  Even  though  fixation  occurs  automatically,  the  hydra- 
tion and  hydrolytic  changes  which  are  constantly  occurring  permit  base 
weathering  with  the  loss  of  essential  elements  and  an  increased  tendency  to 
give  an  active  soil  acidity. 

The  method  of  formation  of  soils  and  the  susceptibility  to  erosion  and 
leaching  are  probably  important  factors  in  the  production  of  acid  soils.  Thus 
soils  formed  by  the  slow  weathering  and  accimiulation  of  rock  debris,  in  situ, 
would  allow  ample  opportmiity  for  base  leaching  even  though  large  amounts 
were  originally  present.  On  the  other  hand,  glacial  3oils  being  deposited 
more  rapidly  if  they  contained  basic  material  originally,  would  probably  not 
become  add  so  quickly,  that  is,  they  were  not  extensively  base-leached  during 
the  process  of  formation. 

In  a  somewhat  similar  way  tillage  must  increase  the  tendency  to  develop 
acidity,  for  crops  remove  base,  and  tillage  increases  bacterial  activity,  thus 
producing  more  carbon  dioxide  to  facilitate  leaching.  Tillage  also  exhausts 
organic  matter,  thus  removing  part  of  the  soil  capadty  for  holding  base  and 
destroying  its  buffering  propensities.  Active  nitrification  is  especially  ex- 
haustive of  base.  A  very  effective  safeguard  against  an  injurious  addity 
should  be  to  maintain  an  adequate  supply  of  organic  matter  in  the  soil. 

SUMMARY 

1.  The  modified  Tacke  method  is  capable  of  adaptation  to  determinations 
of  the  relative  activities  of  different  fractions  of  soil  addity. 

2.  The  more  reactive  acids,  those  capable  of  giving  a  toxic  concentration 
of  hydrogen-ion,  react  rather  quickly.  This  has  been  proved  by  the  appli- 
cation of  lime  to  acid  soil  in  successive  increments  and  applying  a  qualitative 
test  to  determine  at  what  stage  a  neutral  soil  reaction  may  be  obtained. 

3.  Soils  may  contain  a  large  reserve  of  acidity,  which  might  be  described 
as  potential  rather  than  active,  but  which  is,  nevertheless,  capable  of  slowly 
decomposing  carbonates. 

4.  Rather  highly  buffered  solutions  react  rapidly  with  caldum  carbonate, 
even  in  the  presence  of  soil,  indicating  that  even  the  more  active  fractions 
of  the  soil  acids  may  be  considerably  buffered. 
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5-  Protein  materials  and  amino  adds  so  far  as  tested,  previous  to  decom- 
position in  the  soil,  do  not  react  readily  with  carbonates. 

6.  Knowledge  of  acid  soils  is  considered  more  adequate  when  something 

Is  known  of  the  activity  of  the  adds,  as  well  as  of  the  total  potential  addity 

commonly  determined,  more  or  less  inaccuratdy.    It  is  not  the  capadty  of 

a  soil  to  decompose  lime,  but  rather  the  intensity  of  decomposition  which  is 

most  highly  significant. 
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main  principles  of  the  method  here  given  are  similar  to  those  proposed 

^y  K^aiziss  and  Dubin  (2),  but  there  is  much  modification  of  details  in  order 

^^    ixxcrease  accuracy.    Its  essentials  are:   first,  the  isolation  of  SO4  as  the 

^^^solvible  benzidine  salt,  second,  the  measurement  of  the  amount  of  combined 

^^^i^idine  by  titration  with  standard  permanganate.    This  is  carried  out  at 

"*^^iing  temperature  with  excess  of  KMnOi.    The   excess  is  removed  by 

^^^^xcJard  oxalic  acid,  and  the  final  titration  completed  with  KMn04.    In 

^^^^    'way  inaccuracies  due  to  variations  in  temperature,  time,  concentration, 

^'^^i    incompleteness  of  oxidation  are  largely  eliminated.    Raiziss  and  Dubin 

^Ip-^v-^   some  attention  to  the  effect  of  these  variables,  but  did  not  define  pre- 

^^^^X3r  the  conditions  required  for  high  accuracy. 

the  experimental  work  here  reported  a  solution  of  benzidine  hydro- 
containing  8  gm.  in  1  liter  was  used.  Two  solutions  of  K2SO4 
used  as  source  of  SO4,  one  containing  1  mgm.,  the  other  0.1  mgm.  SO4 
^^  X  cc.  Titrations  were  made  with  N/20  KMn04  and  against  this  N/20 
^^'^^li.c  acid  was  used.  The  exact  strength  of  KMnO*  was  foimd  by  Soeren- 
sodium  oxalate. 

order  to  determine  the  effect  of  varying  conditions,  10-cc.  portions  of 
^*^^  benzidine  solution  were  titrated  with  N/20  KMn04  under  varying 
^^^^x<:iitions. 

1 1  was  found  that  temperature  should  be  kept  constant  in  order  to  secure 
^otx^i^ordant  results,  while  variation  in  free  H2SO4  is  not  important.  Variation 
^^  "^^clume  has  somewhat  the  same  effect  as  variation  in  temperature  due  to 
w\^-^rijjg  Qf  temperature  by  the  cold  KMn04  when  the  volume  of  the  solution 
^0  "'^hich  it  was  added  was  small.  To  eliminate  as  much  as  possible  the 
cffcii^jt  of  variation  in  temperature  and  volume  it  was  decided  to  start  the 
tit^-^^jiQjj  ^^jj  g^  constant  volume  of  100  cc,  containing  5  cc.  H2SO4  and  heat 
^  ^^  boiling  water  bath,  which  would  require  no  special  apparatus  or  attention 
to    ^^maintain  a  constant  temperature. 

^^ariation  in  the  amoimt  of  benzidine  in  the  solution  to  be  titrated  was 

t^^^^d  to  vary  the  factor  for  converting  cubic  centimeters  of  KMn04  used  to 

S*--^^,  if  the  method  of  titration  given  by  Raiziss  and  Dubin  were  used.    This 

t^^thod  does  not  carry  the  reaction  to  completion,  especially  if  much  benzi- 
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dine  is  present.  Christie  and  Martin  (1)  applied  this  method  to  the  deter- 
mination of  SO4  in  soil  extracts,  using  the  factor  0.15  to  convert  cubic 
centimeters  of  N/20  KMn04  to  mgm.  SO4.  With  this  factor,  small  amounts 
of  SO4  are  imderestimated,  while  large  amounts  are  gready  overestimated. 
Applying  this  method  on  known  amoimts  of  sulfate,  the  factor  for  N/20 
KMn04  was  foimd  to  be  as  follows:  for  1  mgm.  SO4  0.179;  for  2  mgm.  SO4, 
0.152;  for  5  mgm.  SO4,  0.133.  With  the  last  it  was  impossible  to  carry  the 
reaction  to  completion  in  any  reasonable  time.  A  slight  excess  of  KMn04 
soon  disappears,  and  this  may  be  repeated  indefinitely  for  some  time. 

When  the  new  method — excess  KMn04,  digesting  hot,  adding  excess 
oxalic  acid,  and  completing  the  titration  with  KMn04 — was  used,  the  factors 
foimd  were:  for  1  mgm.  SO4,  0.124;  for  2  mgm.  SO4,  0.122;  for  5  mgm.  SO4, 
0.122.  Even  with  this  method  the  reaction  is  not  quite  complete  in  the 
presence  of  5  mgm.  SO4.  With  amoimts  less  than  2  mgm.  SO4  the  end  point 
is  quite  sharp.  In  fact  it  is  the  same  as  in  the  titration  of  pure  oxalic  add. 
The  titration  is  completed  in  a  few  seconds,  and  an  excess  of  1  drop  KMn04 
colors  the  solution  pink  for  some  time. 

Imperfect  washing  of  the  precipitate  of  benzidine  sulfate  may  cause  many 
errors  in  the  determination  of  SO4  due  to  the  uncombined  benzidine  remain- 
ing in  the  precipitate.  Considerable  time  and  e£Fort  were  spent  in  the  endeavor 
to  improve  the  washing  process.  The  precipitate  is  somewhat  soluble  in 
water,  more  so  as  the  water  is  warmer,  and  considerably  soluble  in  alcohol. 
Addition  of  small  amoimts  of  adds,  hydrochloric,  nitric,  phosphoric  or  acetic, 
to  the  wash  water,  seemed  to  increase  the  solubility  of  the  predpitate.  It  is 
decomposed  by  dilute  alkalies.  A  saturated  water  solution  of  benzidine 
sulfate  does  not  dissolve  the  predpitate,  but  instead  increases  its  amount, 
thus  causing  plus  error.  It  was  finally  dedded  that  water  was  the  only 
feasible  washing  agent  and  that  the  amount  used  must  be  very  small  and  as 
cold  as  possible  in  order  to  avoid  solution  of  the  predpitate. 

All  the  details  of  the  procedure  are  given  in  the  following  description  of 
the  method.  At  best  it  must  be  admitted  that  it  is  somewhat  empirical  and 
has  serious  limitations,  yet  it  is  rapid  and  suffidentiy  accurate  for  most  work 
on  sou  extracts,  biological  fluids  or  other  similar  solutions  containing  small 
amounts  of  sulfates. 

PREPARATION  OF  THE  SULFATE  SOLUTION 

The  solution  should  be  free  from  organic  matter,  which  hinders  complete 
precipitation;  iron,  which  causes  various  irregularities;  phosphate  ion,  which 
is  predpitated  by  benzidine;  nitrates,  which  increase  the  amount  of  predpi- 
tate and  other  oxidizing  agents  or  heavy  metals.  It  may  be  prepared  by 
evaporating  the  soil  extract  or  similar  solution  to  dryness  in  a  porcelain  casse- 
role and  igniting.  One  or  two  cubic  centimeters  of  nitric  add  added  before 
evaporating  will  greaUy  assist  in  burning  oflF  organic  matter.    If  there  is  much, 
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the  precipitated  manganese  has  redissolved  and  the  solution  is  colorless, 
complete  the  titration  with  the  KMn04.  One  drop  in  excess  should  give  the 
solution  a  pink  color  permanent  for  some  time.  However,  if  more  than  3 
mgm.  of  SO4  were  taken,  oxidation  will  be  incomplete  imder  these  conditions 
and  the  pink  color  will  soon  fade.  The  total  number  of  cubic  centimeters 
of  KMn04  used,  less  10,  multipUed  by  0.12  gives  the  number  of  milligrams 
of  SO4  in  the  solution  taken.  On  accoimt  of  the  inadequate  washing  and 
other  variables  a  blank  determination  will  require  0.3  to  0.7  cc.  N/20  KMn04. 
Using  the  factor  0.12,  quantities  of  SO4  less  than  1  mgm.  will  be  likely  to 
be  slightly  over-estimated,  while  quantities  over  3  mgm.  are  likely  to  be 
under-estimated.  In  order  to  determine  the  exact  factor  to  be  used,  it  is  only 
necessary  to  run  through  the  process  with  a  known  amount  of  sulfate  of 
about  the  same  magnitude  as  that  in  the  substance  analyzed. 

For  the  sake  of  completeness,  the  following  notes  are  added.  Theoreti- 
cally 1  SO4  required  about  2.72  benzidine  hydrochloride  to  precipitate  it. 
The  solution  used  contains  40  mgm.  in  5  cc,  which  should  precipitate  14 
mgm.  SO4,  much  more  than  can  be  well  handled.  A  considerable  excess  of 
the  reagent  is  desirable,  but  the  amount  used  is  ample.  However,  it  was 
found  by  direct  experiment  that  a  much  larger  excess  only  slightly  influenced 
the  result. 

A  saturated  water  solution  of  benzidine  sulfate  for  washing  the  precipitate 
is  not  successful,  probably  on  account  of  the  large  variation  of  solubility  with 
variation  of  temperature. 

Free  acid  should  be  kept  near  the  limits  suggested,  as  the  precipitate  is 
notably  soluble  in  dilute  acids. 

Iron  in  the  solution  makes  it  difficult  to  adjust  the  acidity  properly  and 
develops  various  colors  leading  to  erratic  results. 

Phosphate  is  precipitated  by  benzidine  less  readily  than  sulfate,  especially 
in  the  presence  of  free  acid.  But  it  is  so  difficult  to  adjust  the  acidity  in  order 
to  precipitate  SO4  while  holding  PO4  in  solution,  that  it  is  best  to  remove 
PO4  if  the  amount  present  is  more  than  0.3  mgm.  or  sufficient  to  make  a 
visible  precipitate  when  made  alkaline. 

The  degree  of  accuracy  obtainable  is  indicated  by  the  following  figures: 


SO4  TAKEN 

SO4  POUND  BY  USE  OF  FACTOR  0.12 

mgm. 

mgm. 

0.5 

0.492 

0.5 

0.528 

1.0 

0.962 

1.0 

0.996 

2.0 

2.040 

2.0 

2.016 

5.0 

4.860 

5.0 

4.980 

% 
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SX7MMA&Y 

1.  The  method  proposed  by  Raiziss  and  Dubm  is  faulty  in  that  the  con- 
ditions are  not  sharply  defined,  so  that  the  ratio  of  SO4  to  KMnOi  is  not 
constant,  but  varies  with  the  amount  of  each,  and  with  other  varying  factors. 

2.  Temperature  and  volume  are  the  most  important  factors  which  should 
be  kept  constant. 

3.  The  method  of  Raiziss  and  Dubin  never  carried  the  oxidation  of  the 
benzidine  to  completion,  and  the  less  so,  as  more  benzidine  was  present. 

4.  The  new  method,  here  proposed,  secures  complete  oxidation,  a  sharp 
end  point,  and  a  constant  ratio  of  SO4  to  KMn04,  by  proper  control  of 
conditions. 

5.  A  perfectly  satisfactory  method  of  washing  the  precipitate  of  benzidine 
sulfate  has  not  been  foimd. 

6.  The  method  is  described  in  detaiL  It  is  rapid  and  accurate  if  properly 
executed. 

7.  The  solution  for  precipitation  of  benzidine  sulfates  should  be  nearly  free 
of  organic  matter,  which  may  be  removed  by  evaporation  with  aqua  r^gia 
to  dryness  in  a  fiask,  or  by  evaporation  to  dryness  and  ignition  in  a  porcelain 
dish.    Iron,  nitrate,  phosphate,  and  heavy  metals  should  be  absent. 
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TThe  writer  had  occasion  during  the  past  year  to  make  some  investigations 
:xiceming  the  effect  upon  vegetative  growth  of  crude  petroleimi  oil  mixed 
S.th  soil.  The  occasion  for  the  oil  coming  in  contact  with  the  soil  was  due  to 
^aks  in  cross-country  pipe  lines  which  permitted  some  oil  to  escape  to  the 
jrface  of  the  ground  and  spread,  or  be  carried  by  high  water,  and  later  backed 
^cr  the  lower  lands.  Investigations  of  the  soil  and  crops  said  to  be  damaged 
oil  were  made  with  a  view  to  using  the  data  in  a  land  damage  suit.  There 
plenty  of  evidence  of  the  killing  effect  of  crude  oil  when  in  contact  with 
^vowing  plants,  but  the  writer  was  imable  to  get  data  on  the  damaging  effect 
varying  amounts  of  crude  oil  which  had  been  incorporated  in  the  soil  from 
cause,  and  the  following  year  this  soil  was  prepared  for  growing  a  crop. 
I^  "WBs  claimed  by  one  witness  in  the  course  of  the  damage  suit  that  the  soil 
'^killed"  by  the  oil,  whatever  that  may  mean.  It  might  be  supposed  the 
referred  to  meant  destroying  bacterial  life  in  the  soil  and  making  it 
^*s^ess  in  further  crop  production. 

VEGETATION  EXPERIMENTS 

Lce  no  data  bearing  directly  on  this  problem  were  available,  it  was  thought 
^  l>c  worth  while  to  carry  on  some  vegetation  tests  to  determine  how  much 
^^  xmay  be  incorporated  with  the  soil  and  not  render  it  useless  for  crop  pro- 
^Uc^-^Qjj  Qr  till  all  the  bacterial  life  in  the  soil. 

Plan  of  experiment 

nglazed  earthen  pots,  holding  about  one  gallon,  were  filled  (8.8  poimds) 
air-dry,  sandy  peat  soil  similar  to  that  under  litigation,  and  tests  were 

in  duplicate.  The  oil  was  thoroughly  mixed  with  the  soil,  only  5  drops 
^i^ig  added  at  a  time,  and  then  well  stirred.  The  soil  was  then  wet  with 
^^^t;er  containing  soybean  bacteria.  After  standing  for  2  days  soybean  seeds 
^^^e  planted.    Table  1  gives  some  details  of  their  growth  and  maturity. 
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TABLE  1 
Grufwik  of  soybeans  in  soil  containing  varying  amounts  of  crude  oU 


POT 
NUMBBL 

OIL  PBR 
OALLOM 
or  SOIL 

TOTAL 

NUMBKft 

OP  PODS 

PEO- 

DUCBD 

TOTAL 
WSZOBT 
OPPOOM 

AVE&AGB 
WUGHT 
PBR  POD 

mnfBXR 

OP  STALKS 

MODULU 
PBR  STALK 

DRY 

WJUtiUTOV 

3  STALKS 

PBR  CBHT 

OVQIL 
ADOBDTO 

son. 

PER  AOkB 

(2.000.000 

M. 

fM. 

fM« 

fM. 

»s. 

1 

Blank 

40 

14.0 

0.35 

3 

25 

25 

0 

0 

2 

5 

39 

16.0 

0.41 

3 

20 

26 

0.12 

2,200 

3 

10 

32 

12.1 

0.38 

3 

30 

24 

0.25 

4,400 

4 

20 

33 

12.5 

0.38 

3 

28 

24 

0.50 

9,000 

5 

30 

84 

38.0 

0.45 

3 

108 

61 

0.75 

13,400 

6 

40 

35 

14.0 

0.40 

3 

48 

26 

1.00 

18,000 

7 

50 

33 

12.5 

0.38 

3 

48 

24 

1.25 

22,400 

8 

60 

32 

13.0 

0.41 

3 

96 

23 

1.50 

27,000 

9 

70 

25 

8.0 

0.32 

3 

29 

14 

1.75 

31,400 

10 

80 

18 

4.5 

0.25 

3 

23 

15 

2.00 

36,000 

11 

90 

31 

10.0 

0.32 

3 

32 

26 

2.25 

40,400 

12 

100 

15 

5.0 

0.33 

3 

12 

9 

2.50 

45,000 

13 

120 

15 

4.3 

0.29 

3 

30 

9 

3.00 

54,000 

14 

160 

3 

0.4 

0.13 

3 

7 

8 

4.00 

72,000 

DISCUSSION 

It  will  be  noted  from  the  table  that  the  growth  of  soybeans  was  apparently 
improved  through  the  addition  of  small  amounts  of  oil  (30  cc.  per  gallon,  0.75 
per  cent)  and  that  rather  large  amounts  may  be  mixed  with  the  soil  (160  cc. 
per  gallon,  4.0  per  cent)  before  the  soybean  plant  succumbs  to  the  oil  treat- 
ment. The  damage  seems  to  be  due  in  part  to  the  plant's  inability  to  secure 
water  rapidly  enough  to  meet  its  needs. 

It  would  appear  from  the  table  that  a  small  amoimt  of  oil  is  even  desirable 
in  nodule  development  in  the  soybean  plant  as  compared  with  the  check  pots, 
and  where  the  amount  of  oil  was  increased  to  the  extent  of  damaging  the 
plant,  there  was  still  some  nodule  formation. 


ACID  SOILS  AND  THE  TOXICITY  OF  MANGANESE 
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Alabama  AfjrictiUmal  ExpmmetU  StaHon 

Reodred  for  pobUcatioa  Ji^jr  10»  1919 

A  Study  of  the  peculiar  behavior  of  certain  plots  on  the  Alabama  Agri- 
cultural Experiment  Station  Farm  led  the  writer  to  conclude  that  soluble 
manganese  produced  by  the  action  of  nitrogenous  fertilizers  was  the  cause  of 
the  toxicity  of  these  soils,  and  of  their  water  extracts.  The  results  on  which 
this  conclusion  was  based  were  published  in  Bulletin  201  of  the  Alabama 
Agriculture  Experiment  Station. 

Further  studies  on  these  plot  soils  and  on  others  from  various  places  in 
Alabama  indicate  that  the  earlier  conclusion  is  untenable,  since  the  addition 
of  manganese  carbonate  to  such  toxic  extracts  has  produced  conditions  favor- 
able to  the  growth  of  seedling  pea  roots  in  every  instance.  Add  soils  when 
incubated  with  dried  blood  and  manganese  carbonate  gave  extracts  which 
contained  more  soluble  manganese  than  when  incubated  with  dried  blood 
alone,  but  were  not  nearly  as  toxic.  The  injury  resulting  from  large  amounts 
of  manganese,  under  these  conditions,  is  more  apparent  on  the  leaves  than 
on  the  roots  of  seedlings;  the  leaves  being  bleached  and  abnormal  in  shape, 
whereas  the  roots  make  nearly  a  normal  growth.  Moderate  amounts  of 
soluble  manganese  in  extracts  of  soils  incubated  with  dried  blood  and  manga- 
nese carbonate  caused  no  apparent  injury  to  either  roots  or  tops  of  pea 
seedlings. 

The  accumulated  evidence  at  hand  indicates  that  the  toxicity  observed  in 
certain  soils  and  soil  extracts,  after  incubation  with  a  nitrogenous  fertilizer, 
is  possibly  due  to  uncombined  acid,  or  more  probably  to  readily  hydrolyzable 
salts.  Hydrogen-ion  determinations  made  on  such  toxic  extracts  showed 
that  in  all  cases  the  H-ion  concentration  was  relatively  high.  Further  details 
are  reserved  for  a  later  publication. 
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INTRODUCnON 

The  actinomycetes  form  a  large  and  important  group  of  microdrga] 
both  in  numbers  and  activities.  They  have  been  isolated  from  wound 
water  and  foodstuflfs,  but  chiefly  from  the  soil.  Their  functions  are  as  va 
as  those  of  any  other  large  group  of  living  forms,  so  that  we  cannot  po 
any  particular  acti\ity  as  their  probable  rdle  in  nature.  As  any  other 
group  of  forms  of  life,  they  are  extremely  variable:  both  their  morpholog 
physiology  vary  with  the  environmental  conditions,  and  any  classifi< 
which  is  based  upon  the  cultural  or  morphological  studies  on  one  medii 
artificial  and  will  not  accomplish  any  far-reaching  results  in  establishii 
identity  of  the  spedes. 

Many  actinomycetes,  chiefly  the  pathogenic  forms  (animal),  were  st 
on  complex  organic  media,  upon  which  they  produced  an  abundani 
uncharacteristic  growth.  The  basis  for  study  was  necessarily  the  physiol 
activities  of  the  organisms,  but  these,  as  will  be  pointed  out  soon,  cam 
used  as  a  basis  for  classification,  when  only  a  few  strains  are  available, 
characteristic  morphology  of  the  actinomycetes  is  brought  out  only  on  \ 

♦  Colored  plates  to  illustrate  this  article  were  prepared  by  the  author,  but  on  a 
of  lack  of  funds  it  was  necessar>*  to  omit  them.  It  is  hoped  they  will  be  publisl 
some  later  date. 
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synthetic  media,  particularly  when  the  nitrogen  and  carbon  sources  do  not 
allow  any  abundant  growth  of  the  organisms,  so  that  they  do  not  form  much  of 
a  substratum  growth  (which  is  uncharacteristic  in  most  cases)  but  are  found 
to  produce  an  aerial  mycelium,  characteristic  for  th^  different  organisms,  and 
thus  allow  a  detailed  study  of  their  morphology. 

Slight  differences  in  physiology  or  cultural  characters  have  often  served  for 
the  differentiation  of  species.  When  a  large  number  of  actinomycetes  are 
studied,  as  in  the  case  of  the  present  investigation,  where  over  300  isolations 
were  made,  and  numerous  cultures  obtained  from  other  sources,  these  studies 
lasting  for  over  four  years,  it  will  be  found  that  differences  observed  are  often 
quantitative  rather  than  qualitative  in  nature.  Several  strains  belonging  to 
one  group  may  show  at  one  time  differences  on  one  medium  but  not  on  others, 
and,  on  repeated  cultivation,  this  difference  may  disappear  and  another  dif- 
ference may  arise.  These  minor  changes  depend  on  the  slight  variation  in  the 
composition  of  the  medium,  amoxmt  of  inoculum  added,  form  of  inoculum 
(spore  material,  surface  or  subsurface  growth),  age  of  culture,  length  of  time 
since  it  was  isolated  from  its  natural  habitat,  etc. 

All  the  cultures  should  be  divided  into  groups,  the  representatives  of  which 
^ve  common  morphological,  physiological  and  cultural  characters.  These 
)>ecdes  groups  may  show  slight  variations  within  the  groups,  when  several 
epresentatives  are  compared,  but  all  of  them  possess  in  common  the  main 
iistinguishing  characters  of  the  species,  and  are  distinctly  different  from  any 
ther  species  group.  Quite  often  cultures  are  obtained  which  form  transition 
teps  between  two  different  species.  In  that  case  they  are  either  classed  with 
he  species  to  which  they  approach  nearest,  or  left  as  transition  forms,  or,  if 
listinct  enough  from  the  two  nearest  species,  placed  into  species  by  them- 
selves. Another  difficulty  in  establishing  species  is  encountered  in  attempting 
DO  fix  the  amount  of  variation  necessary  to  constitute  a  new  species.  The  dif- 
ference of  various  strains  in  the  same  groups  is  chiefly  that  of  degree  only. 

Certain  cultural  characters  may  either  be  lost  or  gained  on  continued  culti- 
vation (such  as  pigment  production  on  gelatin  or  rapidity  of  liquefaction,  etc.) 
and  it  is,  therefore,  advisable  to  describe  species  of  actinomycetes  soon  after 
their  isolation  from  their  natural  habitat  and  after  prolonged  cultivation 
upon  artificial  culture  media. 

HISTORICAL 

No  attempt  will  be  made  here  to  review  the  numerous  investigations  pub- 
lished on  this  group  of  organisms.  Attention  will  be  called  here  only  to  the 
more  important  works  which  contributed  largely  to  the  advance  of  our  knowl- 
edge on  this  group  of  organisms,  where  also  a  complete  bibliography  of  the 
previous  investigations  can  be  found. 

Cohn  (8)  first  described  (1875)  an  Actinomyces  under  the  name  of  Strep- 
tothrix  Foesteri.    But  this  name  (JStreptotkrix)  is  untenable,  since  it  was  pre- 
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empted  by  Corda  for  a  genus  of  true  fungi.  The  next  species  Actinomyces  bam 
was  described  by  Harz  (21)  in  1877,  and  the  name  used  by  this  investigatoi 
has  good  claims  to  priority  and  will  therefore  be  used  throughout  this  work; 
Harz  placed  A,  bavis  among  the  Hyphomycetes.  Trevisan  (36)  applied, 
in  1889,  the  term  Nocardia  to  a  saprophytic  form.  This  term  could  be  used, 
if  the  organisms  belonging  to  this  group  could  be  divided  into  2  subgroups, 
parasitic  and  saprophytic,  as  attempted  by  the  conmiittee  of  the  American 
Bacteriological  Society  on  Generic  Classificati^h,  but  this  subdivision  cannot 
hold,  since  no  distinctive  differences  could  be  found  both  culturally  and  mor- 
phologically, between  these  two  groups  and  the  mere  fact  that  one  species  was 
isolated  from  the  soil  and  another  from  a  wound  cannot  justify  their  placing 
in  two  distinct  genera. 

Domec  (12)  gave  a  detailed  description  of  the  morphology  of  A.  bavis  (Harz) 
together  with  an  accurate  accoimt  of  spore  formation;  he  demonstrated  that 
these  are  really  the  spores  of  a  mold  fungus  not  of  a  fission  fimgus. 

Nadson  (29)  isola;ted  several  species  of  Actinomyces  from  the  curative  mud 
of  the  Slavian  mineral  waters  in  Russia  and  suggested  that  the  genus  should 
be  placed  in  a  group  of  fungi  by  itself. 

Gedoelst  (18)  placed  this  group  among  the  Fungi  Imperfecti,  in  the  genua 
Discomyces  Rivolta  (1889),  with  StrepMhrix  Cohn  (1875),  Aciinamyces  Hari 
(1877),  Nocardia  Trevisan  (1889),  Oospora  Savagean  and  Ridais  (1892)  and 
Discomyces  Blanchard  (1900)  as  synon3nns.  Petruschky  (33)  classified  the 
actinomycetes  with  the  TrichomyceUs  of  the  hyphomycetes,  recognizmg  A 
groups:  Actinomyces,  Streptotkrix,  Cladothrix  and  Leptothrix.  A  thorough  dis- 
cussion and  criticism  of  these  early  attempts  of  classification  can  be  found  in 
the  work  of  Lehmann  and  Neimiann  (24),  Lachner-Sandoval  (23)  and  those 
mentioned  in  the  following  pages.  Musgrave,  Clegg  and  Polk  (28)  in  1908 
gave  a  detailed  study  of  the  pathogenic  forms  known  and  almost  a  com- 
plete bibliography. 

Claypole  (7)  was  among  the  first  to  call  attention  to  the  great  variability  in 
morphology  and  cultural  characters  of  this  group  of  organisms,  which  is  the 
cause  of  confusion  and  diverse  opinions  and  practices.  These  organisms 
change  their  appearance  on  different  culture  media.  She  suggested  that  this 
group,  with  their  variable  morphology  and  close  relationships,  should  be 
looked  upon  as  representing  the  ancestral  type  of  both  the  higher  fungi  and 
the  true  bacteria. 

The  production  of  a  pigment  by  the  actinomycetes  has  early  attracted  thi 
attention  of  the  investigators  as  a  basis  for  classification.  Gasperini  (17] 
thought  to  have  definitely  established  the  identity  oiA.  ckromogenus^  which  is 
supposed  to  produce  a  brown  pigment  in  gelatin  or  peptone  agar,  which  rap 
idly  diffuses  through  the  medium.  Krainsky  (22)  and  later  Waksman  anc 
Curtis  (44)  and  Conn  (10)  have  shown  that  the  pigment  production  is  an  insuf 
ficient  basis  for  the  characterization  of  the  species.  A  very  large  number  o: 
strains  of  this  group  of  organisms  can  produce  a  brown  (of  different  shades] 
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pigment  on  gelatin,  potato  and  peptone  agar;  this  property,  as  was  pointed 
ottt  above,  is  not  a  constant  characteristic  for  all  types.    Sanfelice  (35),  recog- 
nizing the  great  variability  of  these  organisms,  suggested  a  division  into  groups, 
but  he  used  as  a  basis  for  classification  the  color  production  upon  complex 
organic  media;  had  he  used  synthetic  media,  standard  in  composition,  this 
division  might  have  been  of  some  value,  but  the  pigment  production  upon  com- 
plex organic  media  is  a  very  indefinite  basis  for  any  attempt  to  subdivide  the 
organisms. 

Klrainsky  (22)  recognized  this  difficulty  and  was  the  first  to  suggest  the  use 
of  simple  S3aithetic  media,  standard  in  composition,  for  the  study  of  this  group. 
Be  described  18  species  of  saproph3rtic  actinomycetes  which  are  undoubtedly 
the  most  complete  descriptions  that  appeared  in  all  the  literature;  but  even 
Ids  work  has  not  been  sufficient  enough  that  one  would  be  able  to  identify  with 
<:ertainty  any  spedes  that  he  has  described. 

The  writer  with  Curtis  (44)  published  a  preliminary  report  on  the  actinomy- 
cretes  in  the  soil,  of  which  the  following  work,  after  a  careful  and  continuous 
study  for  4  years,  is  a  result.    They  attempted  to  classify  the  actinomycetes 
on  the  basis  of  liquefaction  and  pigment  production  in  gelatin  and  spiral  for- 
mation in  aerial  myceliimi.    This  method  was  justly  criticised  by  Conn  (10), 
^who  however  did  not  suggest  anything  more  definite;  if  anything,  his  cultural 
studies,  adding  some  information,  cannot  go  toward  classification  even  as  far 
as  the  division  into  types  producing  macro  and  micro  colonies,  as  sug- 
gested by  Krainsky  (22),  or  spiral  formation  and  liquefaction  and  pigment 
production  in  gelatin,  used  by  Waksman  and  Curtis  (44).    The  latter  stated 
that  some  species  that  they  isolated  from  the  soil  were  the  same  as  those  iso- 
lated by  Krainsky  (22),  but  since  the  comparison  was  based  only  on  descrip- 
tion of  the  latter 's  cultures,  certain  differences  were  found  on  further  study; 
but  several  species,  such  as  A.  viridockrotnogenus,  were  found  to  correspond 
very  closely  with  the  descriptions  of  Krainsky  on  {01  media.    A  few  cultures 
were  either  lost  on  transfer  since  the  first  description,  or  were  found  to  fall  into 
one  group  with  others,  with  which  they  were  properly  placed. 

Conn  (10)  mentioned  three  main  types  of  soil  actinomycetes  and  described 
one  new  species.  Waksman  and  Curtis  (45)  demonstrated  the  wide  occurrence 
of  actinomycetes  in  soils  under  different  conditions  of  climate,  topography  and 
cultivation.  Certain  species  (or  groups)  were  found  to  be  very  abundant  in 
the  soil  and  were  isolated  from  soils  located  in  different  parts  of  the  world, 
while  others  were  isolated  only  once  or  twice.  The  writer  (41,  43)  recently 
published  a  series  of  investigations  on  the  metabolism  of  the  actinomycetes, 
and  some  of  the  data  published  there  will  be  repeated  here  for  the  sake  of  com- 
pleteness of  the  work. 

Drechsler  (13)  has  made  the  most  complete  morphological  study  that  we  have 
so  far  of  the  genus  Actinomyces,  and  concluded  that  it  should  be  classed  with 
the  Hyphomycetes,  as  a  Mucedineous  group  with  tendencies  toward  an  erect 
Isarioid  habit.    If  the  bacteriologists  that  studied  this  group  can  be  criticised 
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for  paying  little  attention  to  the  true  morphology  of  the  organisms,  the 
nists  should  be  criticised,  when  stud3dng  the  morphology  of  a  large  gro 
microorganisms  like  the  actinomycetes,  in  entirely  neglecting  the  effect  < 
vironmental  conditions,  particularly  the  composition  of  media. 

It  has  been  repeatedly  pointed  out  (25, 43)  that  the  composition  of  th 
ture  mediimi  affects  the  character  of  the  colonies  of  bacteria  and  even 
to  such  a  degree  as  to  make  it  necessary  to  have  media  of  a  standard  che 
composition  and  to  have  an  exact  description  of  these  media.  Partic 
such  a  variable  group  as  the  actinomycetes,  which  give  growth  distinctly  i 
ent  in  many  respects,  with  a  mere  change  of  the  source  of  nitrogen  or  ca 
should  be  cultivated  on  media  of  exact  chemical  composition,  especially 
exact  morphological  characters  are  studied.  The  most  excellent  morph 
cal  studies  of  Drechsler  have  this  one  disadvantage — they  have  been  c 
out  on  media  of  variable  composition  (peptone  glucose  agar  and  potato  i 
at  an  imknown  temperature  and  for  an  imknown  length  of  time.  Any  i 
these  factors  will  affect  the  biochemical  and  cultural  characters,  as  w 
the  morphological. 

NOMENCLATUSE 

The  generic  name 

The  systematic  position  of  this  whole  group  of  microdrganisms  has  bee 
cussed  before.  All  that  we  know  about  their  structiure  and  development ' 
make  us  recognize  them  as  true  fungi — Eumycetes  Brefeld.  They  proc 
very  fine,  unicellular  mycelium,  well  developed  and  abundantly  brax 
They  reproduce  by  means  of  aerial  spores,  or  so-called  conidia,  which 
nothing  in  common  with  bacterial  forms  of  reproduction,  but  resemble  g 
those  of  many  fungi.  They  are  easily  separated  from  the  bacteria  by 
morphology  as  well  as  cultural  characters;  they  are  differentiated  b 
true  branching,  character'  of  growth  and  type  of  conidia  from  the  ba 
characterized  by  the  formation  of  false  branching,  such  as  Cladotkrix  and 
producing  involution  forms  {B.  tuberculosis). 

They  cannot  be  classified  with  the  fimgi  Oospora,  Streptotkrix^  or  . 
myces  for  the  obvious  reason  that  those  forms  are  multicellular.  The  tern 
nomyces  Harz  is  therefore  the  most  valid,  particularly  since  it  characl 
the  type  of  growth.  The  suggestion  of  Lechner-Sandoval  (23),  Lei 
and  Neumann  (24)  and  Drechsler  (13)  to  classify  the  genus  in  an  unqu 
manner  with  the  Hyphomycetes  will  meet  certain  objections.  The  loo 
of  the  group  H3T)homycetes,  where  botanists  have  piled  together  forms 
could  not  be  placed  elsewhere,  and  the  fact  that  these  have  a  septated 
lium,  will  make  the  place  for  the  actinomycetes  improper,  and  it  will  no 
much  to  advance  the  question  of  the  proper  classification.  The  autli< 
only  agree  with  Nadson  (29),  who  stated  yet  in  1900  that  the  actinom 
form  a  special  group  of  fungi,  to  be  classified  separately,  until  new  fact 
•ceming  the  history  of  their  development  are  found. 
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Nomenclature  of  the  species 

As  a  basis  for  the  nomenclature  of  the  species,  the  organisms  described  by  the 
writer  and  Curtis  (44)  and  pathogens  obtained  from  known  sources  were  taken. 
The  well  described  cultures  of  Kndnsky  (22)  could  not  be  obtained  and  use  had 
to  be  made  only  of  his  descriptions;  the  identifications  in  that  respect  may  be 
questionable,  particularly  in  certain  cases.  A.  pheochromogenus  was  isolated 
by  the  writer  from  the  soil,  but  was  first  described  by  Conn  (10) .  A.  poolensis 
was  obtained  from  Dr.  Taubehaus  (37)  and  also  isolated  from  the  soil.  A  few 
new  species  are  described  so  as  to  make  the  study  of  the  group  complete, 
although,  as  stated  above,  care  was  taken  to  exclude  as  many  of  the  types 
which  approached  the  described  species  as  possible.  Attention  will  be  called 
to  this  fact  in  the  process  of  the  work.  It  cannot  be  contended  that  all  these 
species  are  new  to  science,  since  it  is  possible  that  certain  of  them  have 
already  been  described  before.  But  the  fact  that  all  the  old  cultures  are 
unavailable  for  examination,  while  this  publication  applies  to  definite  mate- 
rial, with  less  probability  for  confusing  the  different  species  when  studied  in 
one  laboratory,  will  justify  this  course. 

This  paper  lays  no  claim  to  completeness  as  a  monograph  of  the  genus  Acti- 
nomyces.   As  many  authentic  oiltures  were  secured  as  possible  and  careful 
study  was  made  of  all  the  published  descriptions.    This  paper  represents  cul- 
tural and  biochemical  studies  continued  for  over  four  years  at  several  institu- 
tions and  includes  only  those  species  for  which  the  data  obtained  abundantly 
Justify  the  characterization.    Most  forms  were  isolated  by  the  author  from 
tlte  soil,  a  few  others  particularly  the  pathogenic  forms,  were  obtained  from 
o  tJier  sources,  as  will  be  pointed  out  in  the  description.    In  this  work  the  author 
assisted  during  1915-1916  by  Mr.  R.  E.  Curtis  at  the  New  Jersey  Agricul- 
Experiment  Station,  who  deserves  a  great  deal  of  credit  for  the  cultivation 
oif    the  organisms  and  some  biochemical  studies;  the  work  was  then  continued 
b^^  the  author  during  1916, 1917  and  1918  in  the  Department  of  Biochemistry, 
ITiar^versity  of  California  and  at  the  Cutter  Biological  Laboratories,  Berkeley, 
Cr^=M.l    The  work  was  completed  during  the  college  year  1918-1919  at  the  New 
J^^:x:sey  Station,  where  the  writer  was  assisted  by  Mr.  Jacob  JoiOfe  in  carrying 
os=M-   and  checking  up  some  cultural  and  biochemical  studies  and  by  Mr.  Willem 
K^'ijadolfs  in  making  microscopic  studies  of  the  morphological  characters  of  the 
CM^ganisms.    The  author  takes  here  the  opportunity  to  express  his  sincere 
jVig^nks  to  Mr.  Curtis,  Mr.  Joffe  and  Mr.  Rudolfs,  to  the  institutions  where  the 
'^c>rk  was  carried  on,  and  to  Dr.  Charles  Thom  and  Dr.  H.  J.  Conn  for  reading 
vSae  manuscript. 

OCCURRENCE  OF  ACTINOMYCETES  IN  NATURE 

Actinomycetes  have  been  isolated  from  numerous  sources:  as  animal  and 
plant  pathogens,  air,  water,  milk,  salt  water  lakes  and  soil.  One  reason  for 
their  wide  occurrence  is  the  ease  with  which  they  can  adapt  themselves  to  a 
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new  environment.  Certain  forms  will  grow  in  salt  water  or  ordinary  tap  water 
without  the  addition  of  any  nutrients;  this  is  the  reason  why  certain  inves- 
tigators may  be  led  to  suspect  that  they  can  fix  atmospheric  nitrogen.  Also, 
the  spores  are  very  light  and  can  easily  be  carried  in  the  air  for  a  long  time.  The 
ease  of  adaptability  can  be  seen  from  the  fact  that  when  3  animal  pathogens, 
A.  baviSf  A.  madurae  and  A.  hominis  were  inoculated  upon  sterile  sofl  to  which 
some  nitrogenous  organic  material  (}  per  cent  of  dried  blood)  had  been  added, 
they  made  a  good  growth  upon  it  and  were  subsequently  reisolated  from  the 
soil.  The  ease  with  which  they  grow  on  organic  media  is  due  to  their  ability 
to  decompose  organic  substances  readily.  For  a  complete  study  of  the  occur- 
rence of  the  actinomycetes  in  nature,  reference  can  be  here  made  to  the  work 
of  Musgrave  and  associates  (28),  where  the  pathogenic  forms  are  studied,  and 
to  the  studies  of  Krainsky  (22),  Waksman  and  Curtis  (45)  and  Conn  (10)  for 
the  occurrence  of  saprophytic  forms. 

MORPHOLOGICAL  STUDIES 

Very  little  morphological  work  (Neukirch  (30)  )  has  been  done  on  this 
group  of  organisms  before  that  of  Drechsler  (13) ;  this  was  due  to  the  minuteness 
of  the  typical  characters  of  these  organisms,  but  primarily  to  the  fact  that 
most  media  used  allowed  a  rather  uniform  development.  Nadson  (29)  pointed 
out  as  early  as  1900  (work  published  in  1903  and  apparently  overlooked  by 
subsequent  investigators)  some  of  the  t3^ical  morphological  characters  of 
these  organisms:  hyphae  are  thin,  colorless,  cylindrical,  0.5  m  to  0.7  /i  in 
diameter,  the  growing  portions  being  only  about  0.3  /i,  straight  or  forming 
spirals;  hyphae  branch  abundantly,  the  branching  being  true,  similar  to  that 
of  fungi  and  distinctly  different  from  the  false  bacterial  branching  (such  as 
Cladotkrix  dichotoma);  the  myceliimi  is  not  septated.  The  contents  of  the 
young  hyphae  are  found,  under  the  microscope,  to  be  pale;  homogeneous 
granules  appear  in  older  cultures  and  in  places  the  plasma  breaks  up  into 
elongated  portions,  separated  by  more  colorle^  intervals.  The  aerial  hyphae 
break  up  into  branching  lines  of  spores,  usually  called  aerial  conidia,  but 
more  properly  termed,  by  type  of  formation,  oidia;  these  are  short  elliptical 
0.75  X  1.25  M-  Nimierous  involution  forms  are  found  in  older  cultures,  both 
in  substratum  and  aerial  mycelium  including  the  conidia.  The  hyphae  are 
thin  regularly  cylindrical,  turning  wide  in  many  places,  forming  dub-like 
balloons;  these  swollen  portions  of  the  hyphae  are  often  transformed  into  a 
series  of  spherical  or  elliptical  ampules,  united  by  thin  channek,  the  end  of 
the  hyphae  may  develop  into  a  club-like  form;  this,  as  well  as  those  following, 
may  be  separated  from  the  hyphae  into  a  free  spherical  body;  in  other  cases 
the  hyphae,  becoming  thicker  (1.25  ix~l.SO  jj)y  develop  into  screw-like  forms 
or  spirals,  which  may  freely  separate  from  the  h3^hae  from  which  they 
originated;  the  clubs  of  the  pathogenic  Actinomyces  bavis,  although  some- 
what different  in  structure,  belong  to  these  involution  forms. 
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A  complete  study  of  the  work  done  by  previous  investigators,  particularly 
that  of  Lecbner-Sandoval  (23)  and  Neukbxh  (30)  is  given  in  the  paper  by 
I>rechsler  (13),  who  made  a  thorough  study  of  the  morphology  of  this  group 
of  organisms,  which,  with  certain  limitations,  as  was  pointed  out  above,  b  the 
xnost  complete  work  done  on  this  subject.  In  view  of  the  fact  that  the  work  of 
]3rechsler  was  carried  on,  to  some  extent,  with  the  organisms  reported  by  the 
a.uthor  and  also  treated  in  the  following  pages  of  this  paper,  and  since  it  was 
sdmost  impossible  at  present  to  carry  on  any  extensive  morphological  studies  to 
such  a  degree  as  carried  out  by  Drechsler,  the  morphology  of  the  different 
species  studied  will  not  be  taken  up  to  any  large  extent  in  this  paper.  It  may 
though  not  be  out  of  pla,ce  to  give  the  siunmary  of  Drechsler 's  work  (page  161). 

1.  The  vegetative  thallus  of  Actinom3rces  consists  of  a  m3rcelium  composed  of  profusely 
liianching  hyphae,  the  terminal  growing  portions  of  which  are  densely  filled  with  protoplasm. 
Toward  the  center  of  the  thallus  the  vacuoles  increase  in  size  and  may  be  associated  with  the 
^presence  of  metachromatic  granules,  the  latter  having  in  common  nothing  with  bacterial 
^ndospores  or  ''micrococci,"  for  which  they  were  nustaken  by  early  observers. 

2.  The  vegetative  mycelium  attains  an  extent  incomparably  greater  than  the  branching 
:£gures  recorded  for  bacteria  of  the  add-fast  group,  and  the  hyphae  lack  the  uniformity  in 
^liameter  generally  characteristic  of  the  Schizom3rcetes. 

3.  The  aerial  mycelium  produced  on  suitable  substrata  by  most  species  occurs  usually 
in  the  form  of  a  mat  of  discrete  fructifications;  but  in  other  species  these  fructifications  are 
frequentiy  combined  to  form  nimierous  and  peculiar  erect  Isarioid  sporodochia. 

4.  In  any  case  each  individual  fructification  represents  a  well  characterized  sporogenous 
apparatus,  consisting  of  a  sterile  axial  filament  bearing  branches  in  an  open  racemose  or  dense 
capitate  arrangement  The  primary  branches  may  function  directly  as  sporogenous  hyphae, 
or  may  proliferate  branches  of  the  second  and  of  higher  orders,  sporogenesis  in  the  latter 
case  being  confined  to  the  terminal  elements,  the  hyphal  portions  below  the  points  of 
attachment  of  branches  remaining  sterile. 

5.  Two  tendencies  in  the  development  of  fructifications  are  recognizable:  one  leading 
to  an  erect  dendroidal  type,  in  which  successively  proliferated  fertile  elements  undergo 
processes  of  qx)rogenesb  in  continuous  sequence;  and  the  other  leading  to  a  prostrate  race- 
mose type,  in  which  qx)rogenesis  is  delayed  in  the  older  branches  until  the  younger  branches 
have  also  attained  their  final  extension.  The  majority  of  species  show  these  tendencies 
combined  in  different  wvys, 

6.  The  sporogenous  hyphae  of  most  species  are  coiled  in  peculiar  spirals,  sometimes 
resembling  the  spores  of  the  hyphomoycetous  genus  Helicoon,  These  spirals  exhibit  pro- 
nounced specific  characteristics  in  the  nimiber,  diameter,  and  obliquity  of  their  turns,  and 
eqpedally  in  the  direction  of  rotation  (whether  dextrorose  or  sinistrorose). 

7.  Sporogenesis,  where  it  can  be  followed,  begins  at  the  tips  of  the  fertile  branches  and 
proceeds  basipetally.  In  the  larger  number  of  species  the  process  involves  the  insertion  of 
septa  which,  in  certain  cases,  are  relatively  very  massive,  and  in  others  so  thin  as  to  be 
barely  discernible.  The  dii^osition  of  these  septa,  while  the  delimited  qx)res  undergo 
maturation  processes,  varies  with  the  species:  (a)  they  may  remain  more  or  less  unaltered; 
(b)  they  may  suffer  a  median  split,  the  two  resulting  halves  being  then  separated  as  the 
result  of  the  longitudinal  contraction  of  the  young  spores,  leaving  alternate  portions  of 
hyphal  walls  completely  evacuated;  or  (c)  they  may  first  become  considerably  constricted 
and  subsequentiy  converted  into  non-stainable  isthmuses  connecting  the  mature  spores. 
The  apparent  absence  of  septa  in  the  sporogenous  hyphae  of  other  forms  is  perhaps  attributable 
to  optical  difficulties. 
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8.  Granules  are  readily  differentiated  in  the  spores  of  many  q)ecie8  whidi 
staining  properties  and  uniformity  of  size  characteristic  of  nuclei;  they  generally  o 
singly,  but  in  the  larger  spores  of  a  few  forms  are  often  found  occupying  diagonally  oppi 
positions. 

9.  As  in  the  vegetative  thallus,  metachromatic  granules  occur  in  the  aerial  mycel: 
being  very  rarely  found  in  the  spores  or  sporogenous  hyphae,  but  becoming  very  abunt 
in  degenerate  sterile  hyphae. 

10.  The  older  axial  filaments  of  some  species  show  marked  distensions  whichy  in  ejctx 
cases,  result  in  figures  simulating  Leptomiius.  These  arise  as  local  distensions  at  the  pc 
of  attachment  of  the  more  extensive  lateral  sporogenous  processes.  Cuneate  modificat 
of  the  sterile  axial  filaments  below  the  origins  of  branches  also  occur. 

11.  Curious  spherical  structures  appear  regularly  in  some  forms,  both  in  the  sterile  t 
hyphae,  where  they  may  contain  either  a  median  septum  of  a  number  of  per^>heral  no 
chromatic  granules,  and  in  the  sporogenous  hyphae,  where  they  are  associated  with 
regularly  spaced  septa. 

12.  The  spores  germinate  readily  in  suitable  solutions,  producing  1-4  germ  tubes, 
approximate  number  being  more  or  less  characteristic  of  the  q)ecie8. 

CULTURAL  AND  BIOCHEMICAL  STUDIES 

The  importance  of  using  simple  media  and  giving  their  exact  chem 
composition,  in  the  study  of  actinomycetes,  cannot  be  overemphasized.  ] 
merous  examples  can  be  cited  about  conspicuous  differences  obtained  wii 
slight  change  in  the  composition  of  the  medium.  The  production  of  pigmt 
which  was  used  to  a  great  extent  by  previous  investigators  in  classif3dng  tl 
organisms,  is  almost  entirely  dependent  upon  the  composition  of  the  medi 
(as  well  as  upon  other  factors  to  a  smaller  extent);  this  was  one  of  the  c 
reasons  why  different  investigators  described  the  same  organism  under  dii 
ent  names.  If  the  proper  substances  are  offered  in  the  proper  forms,  dii 
ences  in  concentration  of  these  substances  do  not  affect  the  growth  of  the  < 
tures  to  such  an  extent. 

Nocard  (31)  was  the  first  one  to  cultivate  in  1888  an  Actinomyces  in  p 
culture.  This  organism  was  exclusively  aerobic,  did  not  modify  the  reaci 
of  neutral  bouillon,  even  if  sugar  was  added;  when  kept  for  4  months  at  4C 
it  could  still  grow  vigorously  on  fresh  media;  10  minutes  at  70®C.  was  suffici 
to  destroy  the  virulence  and  vitality  of  the  organism.  Bostroem  (4)  madt 
exhaustive  study  on  the  cultivation  of  pathogenic  actinomycetes.  Mem 
should  also  be  made  of  the  work  of  Gasperini  (17),  Rossi-Doria  (34)  and  A( 
grave,  Clegg  and  Polk  (28).  Rossi-Doria  (34)  and  Sanfelice  (35)  studied 
pathogenicity  of  the  actinomycetes  isolated  from  different  sources  and  st3 
that  some  of  them  proved  to  be  pathogenic.  Wright  (47),  having  isolate 
number  of  pathogenic  forms  from  men  and  animals,  concluded  from  the  s 
ilarity  in  morphology  and  difficulty  of  cultivation,  that  they  were  all  one  spe 
(A.  hovis),  making  a  rather  poor  growth  on  milk,  potato  and  coagulated  i 
refusing  to  grow  at  room  temperature  and  essentially  anaerobic. 

The  cultural  studies  of  actinomycetes  by  these  and  other  investigators  i 
limited  value  due  to  the  fact  that  only  complex  organic  media  were  used, 


CULTURAL  STUDIES  OF  SPECIES  OF  ACTINOMYCES  81 

s.  '^andard  in  composition.    The  more  recent  workers  on  this  group  of  organisms, 
amely  Krainsky  (22),  Waksman  and  Curtis  (44)  and  Conn  (10),  have  intro- 
need  S3mthetic  inorganic  media  and  have  developed  several  of  these,  so  that 
would  allow  a  characteristic  growth  which  helps  to  differentiate  these 
Tganisms.   On  media,  which  do  not  contain  favorable  nutrients,  such  as  nitrates 
d  ammonium  salts  as  sources  of  nitrogen  and  saccharose  as  a  source  of  car- 
,  the  organisms  grow  rather  slowly  and  have  a  tendency  to  spread,  while 
n  media  containing  more  favorable  nitrogen  (asparagin,  peptone,  etc.)  and 
sources  (dextrose,  starch,  glycerin, etc.),  they  have  a  tendency  to  pile  up 
nd  often  the  growth  in  the  last  cases  may  not  be  so  characteristic.    The  poor 
edia  seem  to  call  forth  a  typical  development  of  the  organisms;  these  should 
ot  be  taken  to  hold  true  for  all  of  them.    Gilbert  (19)  stated  that  admission 
f  air,  dryness  and  the  presence  of  carbohydrates  in  the  medium,  favor  spore 
:f  ormation. 

Culture  media 

The  following  media  have  been  used  for  the  study  of  cultural  and  biochemical 
c^haracters  of  the  actinomycetes.  A  number  of  others,  not  given  here,  were 
^ried,  but  the  data  were  not  reported  when  found  imcharacteristic. 

1.  Synthetic  soluiion  {CzapeVs,  modified).  K2HPO4,  1  gm.;  MgSOi,  O.S  gm.; 
HKCl,  0.5  gm.;  FeSOi,  0.01  gm.;  NaNOs,  2  gm.;  saccharose,  30  gm.;  (in  some 
instances  saccharose  was  replaced  byanother  carbohydrate,  30  gm.  per  liter) ; 
<:^tilled  water,  1000  cc.  (a  better  growth  is  obtained  by  most  species,  when 
glycerin  (30  gm.)  is  substituted  for  saccharose). 

2.  Synthetic  agar  (based  on  modified  Czapek's  solution).  Same  as  above, 
"«nth  the  addition  of  15  gm.  of  agar  per  liter.  This  medium,  together  with 
"(Jie  two  media  of  Krainsky,  was  found  to  give  the  best  results  for  the  study 
^3f  the  morphology  and  cidtural  characters  of  the  actinomycetes.  Only 
'^Jiose  organisms  that  produce  invertase  make  an  abundant  growth  on  this 
:xniedium,  but  since  the  invertase-producing  species  were  found  to  be  few  in 
:»number,  the  growth  is  rather  scant,  particularly  on  repeated  transfer,  and 
:^or  that  very  reason  characteristic,  since  a  good  development  of  the  aerial 
:xiiyceliiun  takes  place.  The  cultures  should  not  be  grown  on  this  mediimi 
^rontinuously,  since  they  will  tend  to  die  out. 

3.  Dextrose  nitrate  agar  and  glycerin  nitrate  agar.  In  these  either  dextrose 
C30  gm.)  or  glycerin  (30  gm.)  is  substituted  for  saccharose  in  the  above  mediimi. 
These  two  media  will  allow  a  much  heavier  growth  of  the  organisms  to  take 
place,  and  will  also  give  a  characteristic  growth  of  some  species,  but  not  all  of 
"^hem. 

4.  Dextrose  agar  {Krainsky' s,  p.  688).  Dextrose,  10  gm.;  KjHPOi,  0.5  gm.; 
^isparagin  0.5  gm.;  agar,  15  gm.;  distilled  water,  1000  cc. 

5.  Calcium  malate  agar  {Krainsky's,  p.  679)  with  the  addition  of  glycerin 
^  suggested  by  Conn  (10)  (malaie-glycerin  agar).  Calcium  malate,  10  gm.; 
3NH4CI,  0.5  gm.;  K1HPO4,  0.5  gm.;  glycerin,  10  gm.;  agar,  15  gm.;  distilled 
"witer,  1000  cc;  reaction  adjusted  by  use  of  NaOH  to  Pg  7.0. 
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6.  Egg-albutnin  agar.  Dextrose,  10  gm. ;  KJBBOa,  0.5  gm. ;  MgSOi,  0.2  gm. ; 
Fes(S04)s9  trace;  egg  albumin,  0.15  gm.;  agar,  15  gm.;  distilled  water,  1000 
cc  The  egg  albmnin  is  dissolved  in  N/10  NaOH  until  neutral  to  phenol- 
phthaleiny  then  added  to  the  warm  medium. 

7.  Glycmn  asparaginaie  agar  (Conn  (10),  p.  13).  Dextrose,  1  gm.;  glycerin, 
10  gm.;  sodium  asparaginate,  1  gm.;  NHAPO4,  1^  gm.;  CaCb,  0.1  gm.; 
MgSOi,  0.2  gm.;  KCl,  0.1  gm.;  FeCU,  trace;  agar,  12  gm.;  distilled  water, 
1000  cc.  Reaction  adjusted  by  the  addition  of  8  cc  N/  JO  NaOH.  The  last 
two  media  were  found  to  be  very  good  for  the  isolation  of  the  organisms,  but 
not  for  cultural  studies. 

8.  NutrietU  agar.  Peptone,  10  gm.;  liebig's  extract,  5  gm.;NaCl,5  gm.; 
agar,  20  gm.;  distilled  water,  1000  cc  Reaction  adjusted  to  P.  7.0  to  7.2. 
Tlie  addition  of  1-2  per  cent  of  glycerin  to  this  agar  makes  it  excellent  for  the 
growth  of  these  organisms  (can  be  used  for  carrying  on  cultures). 

P.  Glucose  broth.  Glucose,  10  gm.;  peptone,  10  gm.;  liebig's  meat  extract, 
5  gm. ;  NaCl,  5  gm. ;  distilled  water,  1000  cc    Adjusted  to  P.  7.0  to  7.2. 

10.  Egg  media.  Whole  egg  (unless  otherwise  stated)  mixed,  by  means  of  a 
sterile  spatula  in  a  sterile  container,  tubed  into  sterile  test  tubes,  coagulated 
and  sterilized  at  80  to  85^C.  for  1  hour  on  3  consecutive  da3rs.  The  addition 
of  glycerin,  as  in  the  case  of  the  Lubenau's  or  PetrofF's  medium,  makes  the 
growth,  in  some  cases,  more  characteristic  The  introduction  of  gentian  vio- 
let in  PetrofF's  (32)  medium  does  not  interfere  with  the  growth,  thus  suggesting 
its  use  for  isolation  of  pathogenic  forms. 

11.  £ae/^'5  Mood  5«rifm,  prepared  according  to  the  standard  formula  (three- 
fourths  beef  serum  and  one-fourth  glucose  bouillon),  coagulated  and  sterilized 
as  egg  media. 

12.  Blood  agar.  Ten  per  cent  of  rabbit  blood  added  to  sterile,  redissolved 
and  cooled  nutrient  agar;  tubed,  slanted  or  plated,  and  incubated  for  48  hours 
to  insure  sterility. 

13.  Potato  plugs,  prepared  in  the  usual  manner  and  placed  in  test  tubes, 
having  a  piece  of  glass  rod  on  the  bottom. 

14.  Carrot  plugs,  same  as  potato  plugs. 

15.  Starch  agar  (27).  Ten  grams  of  starch  were  suspended  in  800  cc  of 
water  and  boiled  until  the  volume  was  reduced  to  500  cc. ;  500  cc  of  the  medium 
having  the  following  composition :  KsHPOi,  1  gm. ;  MgSOi,  1  gm. ;  NaQ,  1  gm. ; 
(NH4)sS04, 2  gm.;  CaCQs,  3 gm.;  agar,  10 gm.;  tap  water,  500  cc  were  added 
and  the  medium  completed  as  usual. 

16.  Cdlulose  agar.  To  500  cc  of  cellulose  solution  prepared  by  the  method 
of  McBeth  and  Scales  (27)  was  added  500  cc  of  a  medium  having  the  same 
composition  as  in  15,  omitting  the  carbohydrate. 

17.  Skimmed  milk.  Fresh  milk,  separated  and  sterilized  at  10  pounds  for  30 
minutes  or  on  3  consecutive  days  in  flowing  steam.  Brom  cresol  purple  was 
used  for  the  study  of  the  changes  in  reaction,  according  to  Clark  and  Lubs  (6). 

18.  Gdatin.    Fifteen  per  cent  of  gold-label  gelatin  in  distilled  water.    Reac- 
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medium,  while  others  limit  their  growth  to  the  surface.  This  would  seem  to 
indicate  that  the  actinomycetes  are  not  strict  anaerobes,  but  some  may  be 
able  to  thrive  under  semi-anaerobic  conditions. 

Character  of  growth 

Nadson  (29)  already  pointed  out  that  the  term  colony  is  used  incorrectly 
in  designating  a  mass  of  growth  of  an  Actinomyces,  since  it  is  not  true  to 
natiure  to  call  a  mass  of  myceliiun  developing  out  of  a  spore  a  colony,  as  in 
the  sense  of  a  bacterial  colony.  In  the  case  of  bacteria,  we  have  colonies  of 
groups  of  organisms,  while  in  the  case  of  actinomycetes,  we  have  only  one 
organism  developing  an  extensive  myceliiun,  therefore  the  term ''  pseudocolony" 
should  rather  be  used.  In  the  following  pages  the  so-called  colony,  the  growth 
below  and  above  the  substratum,  will  be  termed  ''growth,"  ''mass  of  growth" 
or  "colony,"  as  the  term  is  commonly  applied.  In  designating  the  amount 
of  growth  as  well  as  other  activities  of  the  organisms,  1  means  faint  or  scant, 
2  fair,  3  good,  4  very  good,  and  5  excellent. 

The  single-celled  Actinomyces  colony  is  usually  round  and  develops  in  the 
form  of  a  semi-drcle  into  the  medium;  most  of  the  species  form  elastic-like 
colonies,  which  cannot  be  easily  broken  and  are  lifted  by  the  needle  out  of  the 
agar;  the  surface  is  usually  dry  and  often  presents  a  conical  appearance,  par- 
ticularly when  covered  with  the  aerial  myceliiun;  growing  hyphae  developing 
into  the  medium  present,  on  detailed  study  (with  magnif3dng  glass),  the  typi- 
cal character  of  the  development  of  a  mold,  particularly  in  young  cultures. 
The  surface  is  usually  covered  with  an  aerial  mycelium,  either  cottony,  pow- 
dery, or  smooth,  either  covering  the  entire  surface  or  only  in  patches.  The  type 
of  mycelium  as  weU  as  spore  formation  is  shown  in  the  plates.  Several  species, 
such  as  A .  verne  and  A .  bobili  never  produce  any  true  aerial  mycelium,  but  form 
a  heavy  folded  or  lichnoid  growth,  which  changes  very  little  with  age;  other 
forms,  such  as  A.  lavendulae,  A.  fradii,  A.  albosporeus  may  lose  their  ability 
to  form  the  aerial  mycelium  when  grown  continuously  on  Medium  No.  2, 
which  is  rather  poor  for  making  a  good  growth;  when  transferred  upon  other 
media  they  regain  this  property;  while  still  others,  notably  A.  halstedii,  may 
lose  entirely,  upon  continued  cultivation  on  artificial  culture  media,  their 
power  to  produce  any  aerial  mycelium  at  all,  and  all  attempts  to  bring  it  back 
to  the  original  condition  have  failed  so  far.  It  should  be  noted  here  that  all 
the  cultures,  unless  otherwise  stated,  were  incubated  at  25®C.  for  15  da3rs. 

Physiological  action  upon  the  media 

Certain  physiological  effects  of  the  growth  of  the  actinomycetes  upon  media 
that  were  found  to  be  significant  and  would  help  in  separating  the  different 
organisms,  are  given.  But  one  should  always  keep  in  mind  the  great  varia- 
bility of  these  organisms;  certain  characters  may  be  changed  on  continued  cul- 
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'Ovation  on  artificial  culture  media;  some  of  these  may  even  be  characteristic 
of  the  species,  such  as  the  production  of  aerial  mycelium,  color  of  the  potato 
plug,  or  pigmentation  of  gelatin.  These  characters  can,  in  many  cases,  be 
x^^;ained,  when  the  organism  is  grown  on  natural  substrata  and  on  favorable 
-^nilture  media;  if  not,  one  character  should  not  be  of  sufficient  importance 
'So  separate  the  strain  into  a  different  group;  attention  will  be  called  to  these 
-Acts  later.  This  is  the  reason  why  it  is  so  hard  to  identify  an  Actinomyces 
dfrom  a  description,  when  not  sufficient  information  is  given. 

The  data  observed  in  repeated  series  of  culture  are  as  follows:  changes 
produced  on  milk,  gelatin,  egg  and  serum  media,  including  liquefaction  of 
solid  media,  changes  in  reaction  (hydrogen-ion  concentration)  and  pigment  pro- 
<luction.  Studies  were  also  made  of  the  utilization  of  carbon  and  nitrogen 
<<x>mpounds,  proteolytic  and  diastatic  action,  growth  on  cellulose,  reduction  of 
miitrates  and  production  of  enzymes  for  all  or  few  species.  Odor  production 
^^¥as  made  use  of  in  the  first  paper,  but  it  does  not  seem  to  be  characteristic 
xnerdy  of  a  species,  but  of  the  whole  group,  and  it  is  probably  more  of  a  quali- 
'tative  rather  than  quantitative  nature,  depending  on  many  factors. 

Milk.    The  action  upon  milk  seems  to  be  quite  characteristic  of  the  species, 
^though  too  many  variations  will  be  found  here.    The  organism  may  coagu- 
late the  milk  with  a  different  speed.    An  organism  may  hydrolyse  (clear)  the 
Tnilk,  without  any  previous  coagulation;  coagulation  may  take  place  here  too, 
but  the  coaguliun  is  either  too  soft  to  be  detected  easily,  or  the  clotting  takes 
-place  in  the  form  of  fine  flakes  falling  to  the  bottom  which  may  easily  be  over- 
looked, as  was  found  in  several  instance^.    Other  organisms  may  not  produce 
^my  visible  changes  in  the  milk.    The  proteol3rtic  action  was  followed  by 
the  determination  of  amino-nitrogen  of  the  substratiun,  using  the  micro-ap- 
paratus of  Van  Slyke.    The  change  of  reaction  was  studied  by  means  of  brom 
'<resol  purple,  which  is  much  superior  for  this  work  to  litmus  or  azolitmin;  this 
^was  prepared  and  added  to  the  milk  according  to  the  method  outlined  by 
<!IbA  and  Lubs  (5).    The  milk  cultures  were  all  grown  at  37^.    In  designat- 
ing the  proteol3rtic  action  on  milk,  the  following  terms  were  used:  very  faint, 
when  less  than  10  per  cent  of  the  protein  and  other  nitrogen  of  the  mUk  has 
been  transformed  into  amino-nitrogen  in  40  d^iys;  faint  or  scant,  10-20  per 
<ent;  fair,  20-^  per  cent;  good,  30-40  per  cent;  very  good,  40-50  per  cent; 
excellent,  above  50  per  cent.    In  designating  the  final  reaction  of  the  milk,  0 
means  unchanged,  1  faintly  alkaline,  2  fairly  alkaline,  3  distinctly  alkaline  and 
4  and  5  stit>ngly  or  most  alkaline  with  the  particular  indicator.    Peptonization 
refers  to  the  digestion  of  the  clot  previously  formed,  while  hydrolysis  refers  to 
the  clearing  of  the  milk,  without  any  visible  clot  formation.    The  amino  and 
ammonia  nitrogen  were  determined,  in  the  case  of  coagulation  of  the  milk, 
only  on  the  liquefied  portion,  unless  otherwise  specified.    Some  organisms  di- 
gest the  precipitated  casein  so  thoroughy  that  on  the  addition  of  acetic  add 
DO  precipitate  is  obtained,  as  in  the  case  with  A.  griseuSy  A.  206,  A.  poolensis, 
A.  flavavirenSy  A.  chromogenus  205,  and  A.  griseolus.    The  growth  on  the  milk 
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was  determined  only  at  25^,  since  very  little  of  the  growth  itself  was  prodnoed 
at  37^ 

GdaUn,  The  liquefaction  of  gelatin  cannot  be  used  as  a  distinguishing  char- 
acter of  the  actinomycetes,  because  they  all,  with  very  few  exoqptions  {A. 
aster  aides)  y  liquefy  gelatin.  The  rapidity  of  liquefaction  and  the  production 
of  a  soluble  pigment  are  characteristic.  Even  here  we  find  certain  limitations: 
the  temperature  of  incubation,  length  of  cultivation  of  the  organism  and 
media  on  which  it  was  grown  previously,  affect  to  some  extent  the  n^idity 
of  liquefaction,  but,  allowing  for  this,  we  find  this  characteristic  of  most 
spedes.  The  production  of  a  brown  pigment  in  the  liquefied  portion  which 
spreads  often  into  the  unliquefied  portion  of  the  gelatin  is  characteristic  of  the 
spedes,  with  very  few  exceptions,  when  this  ability  is  lost  on  continued  cultiva- 
tion upon  artificial  culture  media.  Few  organisms  produce  a  faint  ydlow  to 
golden  pigment;  a  green  and  a  blue  pigment  were  once  obtained,  but  those 
organisms  were  lost  during  the  course  of  the  work. 

In  nearly  all  cases  a  15  per  cent  solution  of  gelatin'in  distilled  water  was 
used,  the  reaction  usually  left  unchanged.  In  one  series  of  comparative  cul- 
ture, 1  per  cent  of  starch  was  added  to  the  gelatin,  to  study  the  effect  of  avail- 
able carbohydrates  upon  the  proteol3rtic  action  upon  gelatin.  The  tempera- 
ture of  incubation  is  very  important,  since  changes  in  temperature  (between 
18^  and  25^C.)  may  affect  the  rapidity  of  liquefaction  by  the  different  organisms, 
affecting  the  rate  of  growth  and  thus  affecting  the  comparative  value  of  the 
data  obtained.  The  cultures  were  grown  either  in  Petri  dishes  or  in  tubes  of 
equal  diameter,  and  dther  the  widtK  of  the  liquefied  zone  in  the  dish  or  the 
height  of  the  liquefied  portion  in  the  tube  was  measured  at  the  end  of  a  definite 
period  (15-50  da3rs  at  18^).  The  liquefaction  is  often  designated  as  rapid, 
medium  and  slow,  depending  on  the  width  of  the  zone  or  hdght  of  the  lique- 
fied portion  in  the  tube.  The  gelatin  is  dther  rapidly  peptonized  and  a  freely 
mobile  fluid  results  {A.  albosporeuSy  A.  griseus^  A.  flavorirensy  etc.),  or  gradu- 
ally softened,  the  medium  becoming  thickly  visdd  {Actinomyces  205,  A. 
aureus),  which  is  true  of  the  rather  weakly  proteol3rtic  organisms. 

Hydrolysis  of  starch.  Starch  was  found  to  be,  as  will  be  shown  later,  one  of 
the  best  sources  of  energy  for  the  acthiomycetes.  The  hydrol3rsis  of  starch 
was  studied  by  three  different  methods.  The  saccharose  in  the  synthetic 
solution  was  replaced  by  1  per  cent  starch,  the  medium  distributed  in  50-cc. 
portions  in  flasks,  sterilized  and  inoculated;  at  the  end  of  7,  14,  21  and  28 
days,  the  solution  was  tested  with  iodine  solution  for  the  presence  of  starch. 
The  second  method  was  the  starch  plate,  the  formula  for  the  medium  having 
been  given  above;  at  the  end  of  a  definite  period  of  time,  a  solution  of  iodine  in 
potassium  iodide  was  poured  over  the  plate,  and  the  width  of  the  dear  zone 
measured.  The  third  method  consisted  in  placing  the  synthetic  solution  con- 
taining 1  per  cent  starch,  in  place  of  saccharose,  in  test  tubes  of  equal  diameter, 
10  cc.  to  a  tube,  the  line  between  the  hydrolized  and  unhydrolized  starch  being 
readily  recognized.    At  the  end  of  a  definite  period  of  incubation,  the  hei^^t 
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^f  the  starch  m  the  inoculated  tube  was  compared  with  that  of  the  iminoculated 
tube  serving  as  control,  this  height  measured  serving  as  an  indication  of  the 
rapidity  of  hydrol}^  of  starch  or  diastatic  action.  A  portion  of  the  dear 
liquid  was  withdrawn  with  a  pipette  and  analyzed  for  starch  and  sugar.  Most 
actinomycetes  possess  a  very  strong  diastatic  power  both  amylodastic  and 
saccharogenic,  hydrolyzing  the  starch  to  sugar;  in  some  cases  the  hydrolysis 
is  incomplete,  smoe  only  the  erythroreaction  was  obtained.  Foulerton  and 
Jones  (16)  reported  that  the  10  pathogenic  species  studied  did  not  exhibit  any 
diastatic  action  upon  starch.  This  could  be  confirmed  only  in  the  case  of  A. 
asieraides,  while  the  A.  hominiSy  A.  madurae  and  A.  bovis  exhibited  marked 
diastatic  action  upon  starch  much  similar  to  the  saprophytic  species.  This 
difference  may  be  due  perhaps  to  the  continued  cultivation  on  artificial  cul- 
ture media.  In  describing  the  diastatic  action  of  an  organism,  faint  (1)  desig- 
nates a  dear  zone  obtained  on  the  starch  plate  in  12-15  days  at  25^,  5-4  mm. 
wide;  fair  (2)  5-8  mm.  wide;  good  (3)  10-15  mm.;  very  good  (4)  15  mm.  and 
more. 

Action  on  cellulose.  A  number  of  methods  were  used  for  the  study  of  the 
action  of  actinomycetes  upon  cdlulose,  but  none  of  them  was  found  satisfac- 
tory, some  organisms  giving  a  bettter  reaction  on  one  medium,  and  others 
on  another.  The  plate  method  allowed  a  good  growth  of  most  organisms,  and 
dear  zones  were  obtained  with  several  spedes,  namdy  A.  viotaceus-^ruber,  A, 
bobili,  A.  exfoliaius  and  A.  albus.  Krainsky  (22)  objected  to  the  use  of  this 
method,  stating  that  the  dear  zone  may  be  due  to  the  solubility  of  the  CaCQt 
or  the  phosphate  through  the  action  of  the  actinomycetes.  It  is  true  that  this 
medium  is  not  so  suitable  for  the  study  of  actinomycetes  as  for  the  study  of 
ceDulose-splitting  bacteria,  because  the  former  ¥dll  grow  on  this  medium,  even 
without  the  cellulose,  on  the  agar  alone.  The  methods  suggested  by  Krain- 
sky are  not  much  better,  since  most  spedes  refuse  to  grow  on  his  media  at  all. 
The  ability  to  grow  on  cellulose  was  demonstrated  for  several  cultures,  by 
merdy  inserting  a  piece  of  filter  paper  or  adding  some  repredpitated  cellulose 
to  the  S3aithetic  solution  placed  in  tubes,  then  sterilizing  and  inoculating. 
The  interesting  part  of  it  is  that  few  cultures  that  seemed  to  have  attacked 
cellulose  by  one  method  did  not  do  so  by  the  others;  this  may  be  explained  by 
the  variation  in  the  composition  of  the  media. 

Pigment  JormaUon,  A  number  of  pigments  are  produced  by  actinomycetes. 
Some  of  them  are  insoluble  in  water,  remain  in  the  cells  and  color  the  colony 
or  mycelium,  while  others  are  soluble  and  diffuse  into  the  solution  or  agar, 
the  latter  media  being  more  favorable  for  the  pigment  production.  The  com- 
plex organic  media,  such  as  glucose  broth  and  nutrient  agar,  are  not  favorable 
for  the  pigment  formation.  The  production  of  a  brown  pigment  chiefly  on 
organic  media  which  was  thought  to  be  characteristic  of  the  chromogenus  spe- 
des is  the  property  of  several  spedes.  It  was  pointed  out  in  a  previous  investi- 
gation by  the  author  and  Curtis  (44),  as  well  as  by  Krainsky  (22),  that  there 
are  many  forms  which  are  characterized  by  the  production  of  a  brown  to  dark 
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brown  pigment  on  protein  media;  these  species  usually  show  also  the  chinon 
reaction  on  gelatin.  Krainsky  found  that  A.  jlawhchrofnogenus  produced  the 
strongest  chinon  reaction;  this  species  was  not  isolated  by  the  writer,  but  A. 
chromogenus  205  shows  the  strongest  reaction  in  our  series.  Gelatin  is  at  first 
liquefied,  th^i  a  chinon-gelatin  compound  is  formed  which  is  insoluble.  This 
was  not  observed  with  the  other  chromogenus  species.  A.  aureus  and  A.  laven- 
dulae  would  also  belong  to  the  chromogenus  types,  since  they  produce  the 
same  characteristic  brown  pigment  on  protein  media  and  attack  proteins  rather 
slowly.  A.  bobili,  A.  ruber ^  A.  flamis  and  a  few  others  also  produce  brown 
pigments  on  gelatin  and  other  protein  media,  but  they  liquefy  the  gdatin 
rapidly. 

All  the  so-called  chromogenus  species  color  potato  black;  this  pigment  pro- 
duction is  ascribed  to  the  enz3ane  tyrosmase.  On  incubating  all  the  organ- 
isms on  the  tyrosin  agar  plate,  out  of  10-15  species  producing  brown  pigments 
on  proteins  and  potato  plug,  only  some  strains  of  A.  scabies  formed  a  dark 
brown  spreading  pigment  and  A.  chromogenus  205  formed  a  lighter  brown 
pigment,  thus  showing  that  the  production  of  a  brown  pigment  alone  on  gelatin, 
potato  or  other  media  is  no  sufficient  proof  of  the  identity  of  the  organism. 

Beijerinck  (3)  has  shown  that  by  symbiotic  action  of  an  Actinomyces  with 
a  common  soil  bacterium,  t3n:osin  in  an  agar  plate  culture  is  oxidized  to  melanin 
which  appears  as  black  spots  on  the  culture  plate.  Neither  organism  alone 
oxidized  tyrosin  to  the  same  stage.  Other  spedes  of  Actinomyces  produce 
blue,  red  or  yellow  pigments,  the  simultaneous  presence  of  certain  varieties 
of  hay  bacteria  being  favorable  in  the  case  of  blue  and  red.  Dextrose,  malates 
and  nitrates  form  the  chromogeneous  food  in  this  case  instead  of  tyrosin.  It 
is  considered  that  the  Actinomyces  produces  homogentisic  add  from  tyrosin, 
and  that  the  bacterium  oxidizes  this  add  to  melanin.  The  fact  should  be  kept 
in  mind  that  gelatin  does  not  contain  the  amino  add  t3n:osin,  and,  dnce  most 
Actinomyces  that  produce  brown  pigments  on  other  media,  produce  it  also  on 
gelatin,  we  must  condude  that  the  brown  pigment  is  not  always  due  to  the 
production  of  dark  substances  (melanins)  from  tyrosin  by  the  action  of  a  tyro- 
sinase. There  seem  to  be  two  types  of  brown  pigments:  one  produced  by 
several  spedes  on  protein  media  induding  gelatin  and  some  pmre  amino  adds, 
plant  media  (potatoes,  carrots),  and  synthetic  media,  and  another  produced 
on  protein  media  by  organisms  which  produce  dark  pigments  from  tyrosin, 
as  in  the  case  of  A .  scabies  and  Actinomyces  205.  Of  the  soluble  pigments  only 
one  was  studied, namely  the  red  and  blue  pigment  of  A.  vidaceus-^nber ^lAdxii  is 
very  interesting.  This  pigment  consists  of  two  or  more  pigments,  which  have 
been  definitely  demonstrated.  One  of  these  pigments  acts  as  an  indicator, 
which  is  red  in  add  media  and  blue  in  alkaline,  the  change  taking  plaoe  at 
about  Ph  7.6.  On  synthetic  agar,  the  organism  produces  at  fiirst  a  red  pig- 
ment, since  that  medium  is  add  to  the  indicator  (?.  7.0);  with  the  growth  of 
the  organism,  the  medium  changes  to  alkaline  and  the  pigment  turns  blue. 
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Reaction.  The  methods  of  study  of  fermentation  of  carbohydrates  used  in 
tthe  separation  of  certain  bacteria  are  inapplicable  to  the  actinomycetes:  they 
^3o  not  produce  any  gas  and  the  change  of  reaction  depends  more  on  the  source 
^Df  nitrogen  than  that  of  carbon.  The  reaction  was  determined  in  all  cases  by 
-mnnt^rt^  of  the  colorimetric  method,  the  sulfonephthalein  series  of  indicators 
^fceing  usedy  as  recommended  by  Clark  and  Lubs  (5). 

Reduction  of  nUrates.  The  reduction  of  nitrates  is  a  property  of  nearly  all 
^Jie  actinomycetes,  differing  in  a  qualitative  rather  than  in  a  quantitative  way, 
ILhe  amount  of  reduction  depending  on  the  source  of  carbohydrate  present  in 
ILhe  medium.  NaNOs  was  used  invariably  as  the  source  of  nitrate  and  the 
sunount  of  nitrite  produced  was  determined  by  a  mixture  of  sulf onilic  add  dis- 
»Ived  in  33  per  cent  acetic  add  and  a-naphtylamin,  as  usually  given  in  the 
books.  It  is  characteristic  that  the  reduction  of  the  nitrates  took  place 
^snly  to  nitrites  and  not  to  ammonia  or  atmospheric  nitrogen,  at  least  the  latter 
have  never  been  demonstrated.  Krainsky  (22)  has  already  called  atten- 
to  the  fact  that,  although  an  active  reduction  to  nitrites  was  shown  only 
a  few  spedes,  many  others  do  it,  but  the  amount  of  reduction  is  so  small 
the  nitrite  is  used  up  by  the  organism  as  soon  as  formed.  The  author  (43) 
shown  elsewhere  that  certain  organisms,  such  as  A.  violaceus-ruber,  reduce 
very  actively  with  all  sources  of  carbon,  while  others  do  not  show  any 
^n^duction  with  most  carbon  compounds  and  only  small  quantities  with  others. 
ie  members  of  the  first  group  usually  assimilate  nitrites  very  readily,  while 
members  of  the  other  may  not.  But  there  is  no  sharp  line  of  demarkation 
reen  these  two  groups,  with  many  organisms  coming  intermediate.  It 
^S^ould  be  noted  here  that  not  the  actual  formation  but  the  accumulation  of 
jStiites  was  necessarily  measured. 

Proieolytic  action.  The  proteolytic  action  of  the  actinomycete  was  meas- 
in  most  instances  by  the  amount  of  amino  nitrogen  or  ammonia  accumu- 
lated as  a  result  of  the  action  of  the  organism  upon  a  given  protein.  The  amino 
itrogen  was  measured  by  the  micro-apparatus  of  Van  Slyke  (38)  and  the  am« 
by  the  Folin  aeration  method  (15);  in  this  way  we  can  follow  the  split- 
tixi^  of  the  protein.  Of  course,  we  do  not  get  the  total  amino  nitrogen  pro- 
duced, since  some  of  it  is  used  up  by  the  organisms  and  some  transformed  into 
oHiex*  nitrogen  compounds,  such  as  ammonia.  In  determining  the  amino 
^^ix>gen  present,  when  an  amino  add  is  offered  as  a  source  of  nitrogen,  we  can 
'ollcrw  the  process  of  utilization  of  the  given  source  of  nitrogen.  The  value 
^  tl^e  determination  of  ammonia  as  an  index  of  proteolytic  action  has  been 
K'^c^tiy  overestimated  by  many  bacteriologists,  since  it  is  probably  a  waste 
P^^^^d^ct  in  protein  metabolism  and  depends  on  different  factors.  This  has 
^^^**i  discussed  by  the  writer  dsewhere  (42).  In  differentiating  the  utilization 
^  a.  c]efinite  compound  from  proteolytic  action,  the  following  points  should  be 
^^t.  in  mind:  the  amoimt  of  growth  produced  was  taken  as  a  measiure  of  utili- 
^^  "  t,  while  the  flitting  of  the  protein,  as  measured  by  the  amino  and  ammo- 
^trogen  (residual)  was  taken  as  a  measure  of  proteolytic  action. 
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Enzyme  production.    The  following  enzymes  were  studied:  rennet-like 
zymes,  protease,  invertase,  diastase,  cellase  (or  C3rtase)  and  tyrosinase. 

Some  of  the  data  on  the  metabolism  of  this  group  of  organisms  that  may 
have  a  direct  bearing  upon  the  separation  of  the  different  members  of  the 
group  will  be  given  at  the  end  of  this  paper,  under  "Cultural  and  biochemical 
studies." 

DESCRIPTION  OF  THE  SPECIES 

Actinomyces  Moflavus  Waksman  and  Curtis 

I.  MOXFHOLOGY. 

1.  Spiials. 

SyntkeHc  agar:  None;  mycelium  b  straight,  branching. 
Calcium  malate  agar:  Straight,  branching  myceliwn,  with  very  little  tendency 
to  foroi  spirals. 

2.  Conidia. 

Synthetic  agar:  Veiy  few  oval-shaped  OHiidia  observed. 

n.  Cttltdsal  Chakacieristics. 

1.  Synthetic  agar. 

Growth:  Glossy,  ^reading,  colorless  at  first,  later  becoming  yellowish. 
Aerial  fnycdkrm:  White  powdery,  with  3rellow  tinge;  property  nearly  all  lost 

with  the  growth  of  culture  on  artificial  media. 
Soluble  ^gment:  None. 

2.  Calcium  malate-glycerin  agar. 

Growth:  Glossy,  restricted,  limited  to  surface,  light  pinkish-dnnamon  color 

(Rdg.  XXIX,  15"-^). 
Aerial  mycdium:  None  in  15  days;  faint  powdery  white  crinkling  in  30  days. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Restricted  surface  growth,  much  folded;  color  creamy,  with  sulfur- 

3rell6w  (Rdg.  V,  25-f)  tinge  of  surface. 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Restricted,  cream-colored. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

5.  Blood  serum,  37®.    No  growth. 

6.  Egg-media,  37*.    No  growth. 

7.  Starch  agar,  25^  16  days. 

Growth:  Thin,  yellowish  colored,  spreading  surface  growth. 

Aerial  mycelium:  None. 

Enzymatic  zone:  12-14  mm.  wide,  hydrol3rsb  incomplete. 

8.  Potato  plug. 

Growth:  Moist,  wrinkled,  cream-colored  growth  is  produced  in  4  days. 
Aerial  mycelium:  None,  sometimes  white  m3rcelium  is  produced. 
Color  of  plug:  White. 

9.  Carrot,  25*,  22  days. 

Growth:  Numerous  cream-colored  colonies. 

Aerial  mycelium:  Thin,  powdery,  white,  all  over  surface,  developing  in  15  days. 

Color  of  plug:  Unchanged. 
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2.  Calcium  malate-glycerin  agar. 

Growth:  Thin  ^reading  growth,  with  smooth  entire  edge;  rose  cobred,  with 

wide  colorless  maigin. 
Aerial  mycelium:  White,  powdery,  only  in  center  of  growth. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Spreading  surface  growth,  wrinkled  and  radiating  toward  periphery 
edge  entire;  color  Acajou  red  (Red.  XIII,  I'-i)  with  white  colorless  margin. 
Aerial  mycdium:  None  in  15  days;  white  patches  appear  in  30  days. 
Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Minute,  cream-KX>lored  colonies. 
Aerial  mycdium:  None.  ' 
Soluble  pigment:  None. 

5.  Blood  serum,  37^ 

Growth:  Restricted,  pink-colored. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
LiquifacHan:  None. 

6.  Egg-media,  37^ 

Growth:  Thin,  spreading,  wrinkled,  gray  growth  in  6  days;  with  age  of  culture 

(30  days),  a  brownish  tinge  develops. 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 

7.  Starch  plate,  25^  12  days. 

Growth:  Thin,  spreading,  transparent,  with  red  tinge. 

Aerial  mycelium:  None. 

Enzymatic-zone:  Broad  (20  nun.  and  more). 

8.  Potato  plug. 

Growth:  Thin,  spreading,  slightly  wrinkled  in  center;  color  of  growth  gray  at 

first,  later  becoming  brown  and  gray,  with  greenish  tinge  (30  days). 
Aerial  mycelium:  None,  sometimes  white  mycelium  is  produced. 
Color  of  plug:  Unchanged. 

9.  Carrot,  25®,  22  days. 

Growth:  Scant,  restricted,  folded,  cream-colored,  edges  turning  pink. 
Aerial  mycdium:  None. 
Color  of  plug:  Unchanged. 

10.  Gelatin,  18%  15  days. 

Growth:  Yellow,  later  changing  to  red  color,  with  hyaline  margin;  mass  of 

colorless  flakes  dropping  to  bottom  of  liquefied  portion. 
Aerial  mycdium:  None,  sometimes  gray  patch. 
Soluble  pigment:  None. 
Liquefaction:  Rapid  (2-3  cm.  of  depth  of  tube  liquefied  in  35  days). 

11.  Synthetic  solution. 

Growth:  Small  pinkish  flaky  colonies. 
Aerial  mycdium:  Rose-colored. 
Soluble  pigment:  None. 

12.  Milk.    No  visible  action  on  milk  at  both  25"*  and  37^ 

Growth  (25°) :  Pinkish  scant  surface  ring. 

Coagulation:  None. 

Hydrolysis:  None. 

Change  of  reaction:  Unchanged. 
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13.  Glucose  broth,  25^  12  days. 

Growth:  Pinkish  ring  on  surface  in  contact  with  glass. 
Aerial  mycelium:  White,  scant. 
Soluble  pigment:  None. 

14.  Utilization  of  different  carbon  compounds. 

Arabinose 0  Dextrose 3  Lactose 2 

Glycerin 1  Saccharose 1-2  Maltose 1 

Cellulose 0  Mannite 4  Starch 4 

Organic  acids 1 

in.  Biochemical  Fjbatuses. 

1.  Nitrite  formation:  Fair,  with  different  sources  of  carbon. 

2.  Proteolytic  action:  Faint  on  milk;  good  on  gelatin,  but  only  fair,  when  1  per  cent 

of  starch  b  added;  good  on  glucose  broth. 

3.  Change  in  reaction:  Usually  becomes  slightly  alkaline  with  NaNQi  as  source  of 

nitrogen  with  different  carbon  compoimds;  distinctly  alkaline  in  add  gelatin, 
but  only  faintly  alkaline  when  1  per  cent  of  starch  is  present;  faint  acidity  in 
alkaline  glucose  broth  and  no  change  of  reaction  in  milk. 

4.  Inversion  of  sugar:  Positive,  often  negative. 

5.  Diastatic  action:  Fair;  1  per  cent  starch  not  used  up  in  14  days;  very  good  on 

starch  plate,  zone  20  mm.  and  more  wide. 

6.  Growth  on  cellulose:  None  to  very  scant. 
Hob.  Upland  California  soil. 

Actinomyces  albus  Krainsky,  1914,  p.  683,  emend.   Waksman  and  Curtis 

This  organism  resembles  in  certain  respects  the  one  described  by  Krainsky 
and  before  by  others,  although  it  is  doubtful,  whether  it  is  the  same  organism 
as  the  one  that  Krainsky  described. 

I.   MOSFBOLOCY. 

1.  Spirals. 

Synthetic  agar:  None;  straight  branched  mycelium.    A  few  short,  closed  spirals 
are  foimd  on  the  glycerin-synthetic  agar. 

2.  Conidia. 

Synthetic  agar:  Spherical  and  oval,  1.2  to  1.6  x  1.1  to  1.4  /i. 

II.  CuLTUsAL  Characteristics. 

1.  Synthetic  agar: 

Growth:  Abundant,  spreading,  grayish  color. 

Aerial  mycelium:  White,  covering  all  growth,  produced  in  4-5  days. 

Soluble  pigment:  None. 

2.  Calcium  malate-glycerin  agar. 

Growth:  Thin,  penetrating  deep  into  the  medium,  edge  myceloid,  gray  colored. 
Aerial  mycelium:  Abundant,  all  over  surface,  pale  mouse  gray  (Rdg.  LI, 

15'""-d)  with  a  large  white  edge. 
Soluble  pigment:  None. 
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3.  Glucose  agar. 

Growth:  Thick,  surface  growth  slightly  elevated  in  center,  penetrating  to  some 
extent  into  medium;  edge,  myceloid,  radial  lines  from  center  to  peiiiihery; 
color  gray  with  3rellowish  center. 

Aerial  mycelium:  Powdery,  all  over  growth,  except  narrow  edge,  pale  mouse 
gray  color  (Rdg.  LI,  15"'"-^). 

Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Glossy,  cream-colored,  spreading. 
Aeridl  mycelium:  Few  white  patches. 
Soluble  pigment:  None. 

5.  Blood  agar,  37%  15  days. 

Growth:  Green  colored,  restricted,  wrinkled. 
Aerial  mycelium:  White,  often  none  at  all. 
Soluble  pigment:  None. 
Hemolysis:  None. 

6.  Blood  serum,  37^. 

Growth:  Thin,  cream-colored  smear  i^ipears  eaiiy  (4  days)    and    xemains 

imchanged. 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 
Liquefaction:  None. 

7.  Egg-media,  37^ 

Growth:  Thin,  spreading,  wrinkled,  of  a  cream  color. 

Aerial  mycelium:  None. 

Soluble  pigment:  None. 
B.  Starch  plate,  15  days. 

Growth:  Thin,  spreading,  transparent 

Aerial  mycelium:  None. 

Soluble  pigment:  None. 

Enzymatic  zone:  Broad  (10-15  mm.). 
9.  Potato  plug. 

Growth:  Abimdant,  much  wrinkled,  cream-colored,  with  a  faint  greenish  tinge 
developing  in  15  days. 

Aerial  mycelium:  Thin,  white,  only  covering  edge  of  growth. 

Color  of  plug:  Purplish  with  age. 

10.  Carrot,  25%  22  days. 

Growth:  Abundant,  spreading,  much  folded,  cream-colored. 
Aerial  mycelium:  Very  thin,  white,  powdery. 
Color  of  plug:  Unchanged. 

11.  Gelatin,  18**C. 

Growth:  Small,  cream-colored  masses  on  surface  and  throughout  the  liquefied 

portion. 
Aerial  mycelium:  White  patches. 
Soluble  pigment:  Brown  at  first,  but  on  continued  cultivation  on  artificial 

culture  media,  power  of  pigment  production  b  losL 
Liquefaction:  Medium  (1  cm.  of  depth  of  tube  in  35  days). 

12.  Synthetic  solution. 

Growth:  Small,  yibitc  cobnies  on  glass  of  tube,  which  may  also  form  a  surface 

pellicle. 
Aerial  mycelium:  None  or  thin  white. 
Soluble  pigment:  None. 
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13.  Milk,  37*. 

Growth  (25°) :  Brownish  surface  ring. 

CoagukUion:  None. 

Hydrolysis:  Complete  in  20  days,  leaving  clear  solution. 

Change  of  reaction:  Strongly  alkaline  (5). 

14.  Glucose  broth,  25^  12  days. 

Growth:  White  ring  on  surface,  in  contact  with  glass;  also  abundant,  cobrless 

flaky  mass  on  bottom  of  tube. 
Aerial  mycelium:  None  to  scant  white. 
Soluble  pigment:  None. 

15.  Utilisation  of  different  carbon  compoimds. 

Arabinose 2    Dextrose 3  Lactose 3 

Glycerin 3    Saccharose 2-3  Maltose 3 

Cellulose 0    Mannite 3  Starch 3 

Organic  acids 1-2  (lactate) 

16.  Utilization  of  different  nitrogen  compounds. 

Ammonium  sulfate 0-1  Ammonium  carbonate 0 

Sodium  nitrite 1  Acetamide 1 

Sodium  nitrate 1-5  Loucin 3 

GlycocoU 3-4  Casein 2-3 

Asparagin 2  Fibrin 3 

Egg-albumin 3-4  Urea 1 

Peptone 2-4 

'fff^*  ^xocHEiacAL  Fjbatukes. 

1.  Nitrite  formation:  Good,  with  starch  as  a  source  of  carbon;  none  or  very  little, 

with  saccharose  and  glycerin. 

2.  Proteolytic  action:  Good  in  milk;  faint  on  gelatin,  with  practically  none  in  the 

presence  of  starch. 

3.  Change  of  reaction:  With  NaNQi  as  a  source  of  nitrogen  and  different  carbon 

compounds,  there  may  be  no  change,  slight  addity  or  slight  alkalinity;  strongly 
alkaline  in  milk;  distinctly  alkaline  in  add  gelatin,  in  absence  of  available 
carbohydrates,  only  faintly  alkaline  in  presence  of  starch;  add  in  alkaline 
ghicose  broth  (Pi  7.9  changed  to  7.1). 

4.  Inversion  of  sugar:  None. 

5.  Diastolic  acUon:  Good,  1  per  cent  starch  being  used  up  in  14days;  good  on  plate, 

zone  10-15  nun.  wide  in  15  days. 

6.  Growth  on  cellulose:  Nogrowthinsolution  with  stripsof  paper  as  source  of  carbon; 

good  growth  on  cellulose  plate,  with  dear  zone  (1  mm.)  around  colony. 
Hab.    This  organism  was  isolated  from  New  Jersey  orchard  and  garden,  Colorado, 
Oregon  and  CaUfomia  adobe  soils. 

Actinomyces  asUroides  (Eppioger)   Gasperini  (Syn.  Slreptothrix  eppingeri 

Rossi-Doria) 

I.  Morphology. 

1.  Spirals. 

No  true  ^irals  observed;  the  straight,  fine  mycelium  may  show  the  wavy 
effect  or  a  few  spirals  may  be  produced. 
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IL  CULTDSAL  CHASACIERISTICS. 

1.  Synthetic  agar. 

Growth:  Thin,  spreading,  penetrating  deep  into  the  medium,  orange  colored. 
Aerial  mycdium:  None. 
Soluble  pigment:  None, 

2.  Calcium  malate-glycerin  agar  and  glucose  agar,  25",  12  days. 

Growth:  Folded,  irregular,  light  orange,  chiefly  on  surface  (rf  medium. 
Aerial  mycdium:  Faint  white  on  calcium  malate,  none  on  glucose  agar. 
Soluble  pigment:  None. 

3.  Nutrient  agar,  25^  15  days. 

Growth:  Much  folded,  chiefly  on  surface,  at  first  light  yellow,  later  turning 

deeper  3rellow,  3rellowish  red  to  almost  orange  colored. 
Aerial  mycelium:  None  or  traces  of  white. 
Soluble  pigment:  None. 

4.  Blood  agar,  37%  15  days. 

Growth:  Thin,  brownish  smear  in  24-48  hours. 
Aerial  mycdium:  Gray,  appearing  in  8-10  days. 
Soluble  pigment:  None. 
Hemolysis:  None. 

5.  Blood  serum,  37^ 

Growth:  None  at  first,  later  (15  days)  thin,  white  smear  is  formed;  often  a 

good  growth  b  formed  in  2-3  days. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
Liquefaction:  None. 

6.  Egg-media,  37^ 

Growth:  Thin,  faintly  wrinkled,  yellowish  growth. 
Aerial  mycdium:  Thin,  white,  all  over  growth. 
Sduble  pigment:  None. 

7.  Starch  plate,  25%  15  days. 

Growth:  Restricted,  scant,  orange-colored. 
Aerial  mycelium:  Thin,  white. 
Enzymatic  tone:  None. 

8.  Potato  plug. 

Growth:  Much  wrinkled,  whitish  at  first,  then  yellow  colored  to  almost  brick 

red. 
Aerial  mycdium:  None  or  fine  powdery  efflorescence. 
Color  of  plug:  Unchanged. 

9.  Carrot,  25%  22  days. 

Growth:  At  first  (7  days),  cream-colored,  much  folded,  restricted  growth » later 

turning  orange-colored. 
Aerial  mycdium:  None. 
Color  of  plug:  Unchanged. 

10.  Gelatm,  18%  30  days;  37%  10  days. 

Growth:  Yellowish. 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 
Liquefaction:  None. 

11.  Synthetic  solution. 

Growth:  Pinkish  flaky  growth  on  bottom  of  tube. 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 
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12.  Milk,  37%  20  days.    Orange  colored  ring  in  contact  with  glass  of  tube,  no  visible 

transformation  of  the  milk. 
Coagulalion:  None. 
PepUmhaHon:  None. 
Hydrolysis:  None. 
Change  of  reaction:  Unchanged. 

13.  Glucose  broth,  25%  12  days. 

Growth:  Thin,  yellowish  pellicle  over  entire  surface  of  liquid. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

14.  Utilization  of  different  carbon  compounds. 

Arabinose 0    Dextrose 4  Lactose 2 

Glycerin 2    Saccharose 2-3  Maltose 3 

Cellulifse 1    ManniU 2  Starch 1 

Organic  acids 1-3  lactate) 

15.  Utilization  of  different  nitrogen  compounds. 

Ammonium  sulfate 0  Ammonium  carbonate 0 

Sodium  nitrate 0  Acetamide 1 

Sodium  nitrite 1  Leucin 2 

GlycocoU 2  Peptone 2 

Asparagin 1  Casein 1-2 

Egg-albumin 3  Fibrin 1 

01.  Biochemical  Futures. 

1.  Nitrite  formation:  Fair  to  excellent,  depending  on  source  of  carbon;  the  better 

the  carbon  source  is  for  the  growth  of  the  organism,  the  larger  are  the  amounts 
of  nitrites  accumulated. 

2.  Proteolytic  action:  Very  faint  on  milk,  gelatin  and  most  other  proteins. 

3.  Change  of  reaction:  Unchanged,  add  (mannite,  glycerin),  or  alkaline  (organic 

adds  and  a  few  others)  with  NaNQi  as  source  of  nitrogen;  distinctly  add  with 
the  different  amino  adds  and  proteins  used  and  glycerin  as  a  source  of  carbon ; 
faint  alkalinity  in  glucose  broth. 

4.  Inversion  of  sugar:  Negative. 

5.  Diastolic  action:  None,  both  on  plate  and  tube. 

6.  Growth  on  cellulose:  None. 

Hab,    Received  from  Dr.  K.  F.  Meyer,  of  the  Hooper  Institute,  San  Francisco, 
Cal.,  who  received  it  from  the  Pasteur  Institute  in  1914. 

Actinomyces  aureus  Waksman  and  Curtis 

I.   MOSPHOLOGY. 

1.  Spirals. 

Synthetic  agar:  Numerous  long  spirals,  17  to  20  z  4  to  5  m- 

Dextrose  agar:  Few  spirals  of  open  type,  although  most  of  the  aerial  mycelium 

shows  the  curving  tendency;  the  spirals  are  sinistrorose,  3.5-4.5   $i  in 

diameter. 

2.  Conidia. 

Synthetic  agar:  Abundant,  spherical  to  oval,  0.6-1.0  z  0.^1.4  fi  (1.0-1.2  z 

1.0-1.5). 
Dextrose  agar:  Elliptical  to  oval,  0.5-0.8  z  0.8-1.4  m* 
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11.  Gelatin,  18%  30  days. 

Growth:  Fair,  cream-colored,  changing  to  brown,  spreading. 

AeHal  mycdium:  UsuaUy  none;  white  aerial  mycelium  may  be  produced  at 

times,  partknilariy  in  exposed  portion  of  growth. 
SciMe  pigment:  Brown,  q^reading  into  unliquefied  portion. 
LiquefacUon:  At  first  rapid,  later  slow. 

12.  Synthetic  solution. 

Growth:  Flakes  throughout  the  medium;  light  powdery  colonies  on  surface. 
Aerial  mycdium:  Mouse-gray. 
SolMe  pigment:  None. 

13.  Milk,  37^    Soluble  brown  pigment    No  visible  action  on  milk  at  37% 

Grawih  (25**) :  Black  surface  ring. 

Coagulation:  None,  only  thickening  of  milk  may  often  be  observed. 

Hydrolysis:  In  certain  cases  some  digestion  is  found;  in  most  cases,  no  viable 

action  upon  the  milk. 
Change  ef  reaction:  Unchanged  to  faintly  alkaline  in  digested  tubes. 

14.  Glucose  broth,  12  days,  25^ 

Growth:  Tliin  brownish  ring  on  surface  in  contact  with  glass;  flaky  mass  on 

bottom  of  tube. 
Aerial  mycelium:  None. 
Soluble  pigment:  Deq>  brown. 

15.  Utilisation  of  different  carbon  compounds. 

Arahinose 0       Dextrose 4       Lactose 3-4 

Glycerin 3       Sacchofose 1-2       SUurch 2 

Cdhdose 0       Organicaciis 1 

16.  Utilization  of  different  nitrogen  compounds  (glycerin  as  source  of  energy). 

Ammonmm  sulfate 1-5  Ammonium  carbonate 1-2 

Sodium  nitrite 3  Acetamide 2 

SodiumnitraU 3-5  Leucin 4-5 

dycocoU 5  Casein 4-5 

Asparagin 4  Fibrin 3-4 

Egg-albumin 4-5  Urea 1 

Peptone 5 

When  gl3rcerin  is  replaced  by  dextrose,  the  ammonium  salts  and  the  amides 
are  utilized  to  a  much  greater  extent. 

m.  Biochemical  Featuxes. 

1.  Nitrite  formation:  Only  with  starch  and  glycerin  as  sources  of  carbon,  not  with 

saccharose. 

2.  Proteolytic  action:  Proteolytically  this  organism  is  not  very  active;  it  exerts  a 

fair  action  on  milk,  gelatin  and  glucose  broth. 

3.  Change  of  reaction.  Usually  slightly  alkaline  with  NaNC^as  a  source  of  nitrogen 

and  different  sources  of  carbon;  distinctly  alkaline  in  add  gelatin,  both  in 
presence  and  absence  of  starch  (from  Pb  6.2  to  Pb  7.6  and  7.4);  very  dis- 
tinctly add  in  alkaline  glucose  broth  (Pb  changed  from  7.9  to  5.8  and  las). 

4.  Inversion  of  sugar:  None  to  positive. 

5.  Diastatic  action:  Good;  1  per  cent  starch  nearly  all  used  up  in  14  days;  fair  on 

plate,  zone  8-10  nun.  wide. 

6.  Growth  on  cdlulose:  Very  good  by  plate  method  (no  zone  formation);  but  none 

on  paper  or  predpitated  cellulose  in  solution. 
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Hab,  This  is  one  of  the  most  common  organisms,  or  rather  grotq»  of  organisms 
found  in  the  soil;  a  ntmiber  of  strains  have  been  isolated,  which  vary  in 
some  details  but  run  into  one  another;  the  whole  group  Is  rdated  to  the 
chf(fmogenus  species.  Isolated  from  New  Jersey  garden,  orchard,  meadow 
and  forest  soils,  Iowa,  Louisiana,  North  Dakota,  Elawaii,  Texas,  Alaska  and 
Colorado  soils. 

Actinomyces  bobili  Waksman  and  Curtis 

I.  Morphology. 

1.  Synthetic  agar. 

The  branching  of  the  hyphae  is  often  so  close  as  to  have  the  appearance  of 
whirls.    No  spirals. 

2.  Glycerin-synthetic  agar. 

Few  dose  spirals  of  a  dextrorose  type. 

II.  Cultural  Chacteristics. 

1.  Synthetic  agar. 

Growth:  Abundant,  glossy,  wrinkled,  chiefly  on  surface,  elevated,  with  lich- 
noid  margin,  at  first  coral  red  (Rdg.  XIII,  5')f  later  becoming  Acajou  red 
(Rdg.  Xm,  3'). 

Aerial  mycdium:  None  at  first;  when  culture  is  grown  longer  on  artificial 
media,  scant  white  mycelium  develops. 

Soluble  pigment:  None. 

2.  Calcium  malate-glycerin  agar,  12  days. 

Growth:  Spreading,  both  on  surface  and  into  medium;  color  cinnamon-buff 

(Rdg.  XXIX,  17"-b). 
Aerial  myceliufn:  None. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Restricted,  finely  wrinkled,  chiefly  on  surface  of  medium;  color  coral 

red  (Rdg.  Xm,  50,  with  hyaline  margin. 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Restricted,  glossy,  at  first  gray,  later  becoming  brownish. 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 

5.  Blood  serum. 

Growth:  Minute,  glossy,  gray  colonies. 
Aerial  mycdium:  None. 
Soluble  pigment:  Brown  zone  around  growth. 
Liquefaction:  None. 

6.  Egg-media. 

Growth:  Thin,  wrinkled,  at  first  (4  days)  brown,  later  (15  days)  turning  jet 

black. 
Aerial  mycdium:  None. 
Soluble  pigment:  Narrow  purple  zone  around  growth. 

7.  Starch  pkte,  25^  16  days. 

Growth:  Spreading,  pink  colored. 

Aerial  mycdium:  Wldit  traces  in  isolated  spots. 

EnMymatic  tone:  1(^-11  mm.,  hydrolysis  incomplete. 
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8.  Fbtatoplug. 

Growth:  Thin,  at  first  yellowish,  later  (15  days)  turning  red;  surface  dry  and 

wrinkled. 
Aerial  mycelium:  Red,  with  some  scant  white. 
Color  of  plug:  At  first  unchanged,  later  (15  days)  a  black  zone  is  formed 

around  the  growth. 

9.  Carrot,  25",  22  days. 

Growth:  Abundant,  spreading,  folded  net-like,  cream-colored. 
Aerial  mycdium:  None. 
Color  of  plug:  Unchanged. 

10.  Gelatin,  18^  30  days. 

Growth:  Dense  cream-colored  to  brownish. 
Aerial  mycelium:  None. 
Soluble  pigment:  Brown. 
Liquefaction:  Rapid. 

11.  Synthetic  solution. 

Growth:  Colorless,  with  orange  center,  often  pinkish  colonies  through  medium, 

collecting  on  bottom  of  tube. 
Aerial  mycelium:  None. 
Soluble  pigment:  None  to  faint  yellow. 

12.  Milk,  37^ 

Growth:  Dark  brown  surface  ring;  brown  soluble  pigment. 
Coagulation:  None. 

Hydrolysis:  Completed  in  15-18  days  both  at  37®  and  25**. 
Change  of  reaction:  Distinctly  alkaline  (3). 

13.  Glucose  broth,  25^  12  days. 

Growth:  Flakes  on  bottom  and  round  colonies  all  throughout  medium,  chiefly 

in  contact  with  glass. 
Aerial  mycelium:  None. 
Soluble  pigment:  None  to  brownish. 

14.  Utilization  of  different  carbon  compounds. 

Arabinose 0    Dextrose 2    Lactose 3 

Glycerin 3    Saccharose 1-2    Maltose 2 

Cellulose 4    Mannite 0    Starch 3 

Organic  adds 1-2  (acetate) 

15.  Utilization  of  different  nitrogen  compounds  (gljrcerin  as  source  of  carbon). 

Ammonium  sulfate 0  Ammonium  carbonate ^ 

Sodium  nitrite 0  Acetamide 1-2 

Sodium  nitrate 1  Leucin 2-3 

GlycocoU 2-3  Casein 3-4 

Asparagin 1  Fibrin 3 

Egg-albumin 1-3  Urea 1 

Peptone 2-4 

in.  Biochemical  Features. 

1.  Nitrite  formation:  Very  good,  with  many  sources  of  carbon,  although  none  or 

mero  traces  are  obtained  with  saccharose  and  often  with  glycerin. 

2.  Proteolytic  action:  Very  good  in  milk. 

3.  Change  of  reaction:  Usually  slight  alkalinity,  with  NaNO^  as  a  source  of  nitrogen. 

4.  Inversion  of  sugar:  Positive. 
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5.  DiasUUic  action:  Very  good;  1  per  cent  starch  used  up  in  7  days;  saccharogenic 

power  on  plate  is  not  very  good,  since  the  hydrolysis  of  the  starch  is  inoompfete 
in  16  days. 

6.  Growth  on  ceUulose:  Good  on  plate  and  reprecqutated  cdhiloie,  bat  noBe  on 

filter  paper  in  solution;  clear  zone  is  formed  on  plate  around  odony. 
Hob.    Isolated  from  New  Jersey  garden  and  California  adobe  soils. 

Actinomyces  bams  Ebrz 

L  MOSFHOLOGY. 

1.  SyntkeHc  agar:  Thin,  branching  hyphae;  few  open  spirals,  of  a  deitrorose  type. 

n.  Cultural  Chasaciesistics. 

1.  Synthetic  agar. 

Growth:  Restricted,  developing  deep  into  the  medium,  wbitt,  tuming  yd- 

bwish  m  10-12  days. 
Atrial  mycelium:  Appears  late  (20  days),  Ug^t  sulfur-ydlow,  powdery,  covering 

all  growth. 
Soluble  pigment:  None. 

2.  Caldtmi  malate-glycerin  agar,  25%  20  days. 

Growth:  Restricted,  brownish  growth  chiefly  in  the  medium. 
Aerial  mycdium:  None. 
Soluble  pi^nent:  None. 

3.  Glucose  agar,  25%  20  days. 

Growth:  Restricted  yellowish,  later  becoming  dark,  consisting  of  a  mass  of 

small  colonies,  developing  to  some  extent  into  the  medium. 
Aerial  mycdiutn:  Thin,  sulfur-yeDow. 
Soluble  pigmenk  None. 

4.  Nutrient  agar. 

Growth:  Abundant,  restricted  on  surface  of  medium,  at  first  cream-colored, 

later  becoming  fawn-colored,  brown,  then  almost  Uack. 
Aerial  mycelium:  Pale  3rellow  green  (Rdg.  V,  27  f). 
Soluble  pigment:  None. 

5.  Blood  agar,  37%  15  days. 

Growth:  Good,  q^reading. 

Aerial  mycdium:  None. 

Soluble  pigment:  None. 

Hemolysis:  Faint  at  first,  1-2  mm.  zone  in  15  days. 

6.  Blood  serum,  37®,  15  days. 

Growth:  Slow,  thin,  gray  growth,  later  tuming  yellowish. 
Aerial  mycdium:  Sulfur-yellow. 
Soluble  pigment:  None. 
lAquefaction:  Medium  (12-15  days). 

7.  Egg  media,  37%  15  days. 

Growth:  Thin,  cream-colored  smear. 

Aerial  mycelium:  Thin,  white,  chiefly  over  edge  of  growth. 

SokMe  pigment:  None. 

8.  Starch  plate,  25%  15  days. 

Growth:  Growth  is  of  a  dirty  yellowish  color. 

Aerial  mycelium:  None. 

Enzymatic  zone:  Fair,  6-8  mm.  wide. 
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9.  Fbtatophig. 

Grewth:  Abundant,  much  wrinkled,  gray  to  canary  yellow. 

Aerial  myceUum:  Yellow  (4  days),  turning  to  characteristic  sulfur-yellow 

(8  days). 
Colcr  of  plug:  Unchanged  at  first,  later  (17  days)  turning  brown. 

10.  Canot,  25%  22  days. 

Growth:  Fair,  restricted,  cream-colored,  developing  a  dark  reverse,  wrinkled. 
Aeri4d  mycdium:  Sulfur-yeDow,  powdery,  all  over  surface,  without  leaving 

any  maigin. 
Color  of  plug:  Narrow  dark  zone. 

11.  Gelatin,  18%  30  days. 

Growth:  Gray  to  brownish. 
Aerial  myceUum:  None. 
Soluble  pigmmU  None. 
Liquefaction:  Rapid  at  37^,  slow  at  18^ 
12.  Synthetic  solution. 

Growth:  None.    When  gl3rcerin  is  substituted  for  saccharose,  a  few  colorless 

flakes  are  formed  on  the  bottom  of  the  tube. 
13.  Milk,  37*. 

Growth  (25**)'  Thin  3rellowish  surface  growth. 

CoaiukiioH:  10-12  days. 

PeptoniMoHon:  Begins  soon  after  coagulation  is  completed,  proceeds  somewhat 

slowly  and  is  all  completed  in  40  days. 
Hydrolysis:  Often  hydrolysis  of  the  milk,  without  previous  coagulatbn,  may 

take  place. 
Change  of  reaction:  Faintly  (1)  to  distinctly  alkaline  (3). 
^  ^.  Glucose  broth,  25'',  12  days. 

Growth:  Small,  round,  flaky,  colorless  mass  on  bottom  of  tube;  thin  layer  of  a 

3rellowish  tinge  on  surface. 
Aerial  mycdium:  Sulfur-yeDow,  scant. 
Soluble  pigment:  None. 
^  ^.  Utilization  of  different  carbon  compounds. 

Dextrose 2        Lactose 2       Glycorin 1 

Saccharose 1        Maltose 1       Cellulose 0 

Organic  acids 1 

^  6.  Utilisation  of  different  nitrogen  compounds. 

Ammonium  sulfate 0  Ammonium  carbonate 0 

Sodium  nitrite 0  Aceiamide 1 

Sodium  nitrate 1  Loucin 2 

GlycocoU 2  Casein 3-4 

Asparagin 2-3  Peptone 2 

EggroUmmin 3-4  Fibrin 2-3 

Urea 1 

-0^-  ^lOCHElflCAL  FJBATCJXXS. 

1.  Nitrite  formation:  Excellent  with  carbon  compounds  that  offer  a  good  source  of 

eneigy  (saccharose,  lactose,  glycerin). 

2.  Proteolytic  action:  Good  on  milk;  fair  on  peptone,  casein,  fibrin,  egg-albumin 

and  gelatin. 

* 

ML  aamHcm,  tol.  tiu,  «o.  S 
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3.  Change  of  reaction:  Faintly  alkaline  in  all  cases,  when  NaNQi  is  the  only  sonxoe 

of  nitrogen;  distinctly  alkaline  with  different  proteins  or  amino  adds  as 
sources  of  nitrogen  and  glycerin  as  a  source  of  carbon. 

4.  Inversion  of  sugar:  Negative. 

5.  DiastaUc  acUon:  Fair  on  plate. 

6.  Growth  on  cellulose:  None  or  very  scant,  although  good  growth  was  obtained  on 

sterile  soil. 
Hab,  Received  from  Dr.  K.  F.  Meyer,  who  had  it  from  the  American  Museum  of 
Natural  History,  received  from  Parke  Davis  Co.,  in  1911  (0.4);  also  received 
directly  from  Parke  Davb  Co.,  in  1918.  The  two  cultures  have  shown 
somewhat  different  cultural  characters;  when  received,  the  latter  cultme 
did  not  develop  readily  any  aerial  mycelium;  but  on  continued  cultivation 
upon  synthetic  media,  both  gave  similar  cultural  and  biochemical  charac- 
ters, which  varied  in  their  action  in  quantity  rather  than  in  quality. 

AcHnamyces  calif omicus  Waksman  and  Curtis 

I.  MOSPHOLOGY. 

1.  Spirals. 

Narrow,  long,  open  spirals,  belonging  to  the  corkscrew  and  sinistrorose  type 
on  the  synthetic  media. 

2.  Conidia. 

Straight  hyphae  and  spirals  break  up  to  form  small  spherical  to  oval  spores. 

IL  Cultural  CkASACiERisncs. 

1.  Synthetic  agar,  15  days. 

Growth:  Spreading,  vinaceous  colored  (Rdg.  XXVII,  T'-d),  chiefly  in  the 
substratum;  surface  growth  limited  only  to  aerial  mycelium. 

Aerial  mycelium:  Powdery,  thin  lis^t  neutral  gray  (Rdg.  Lm,  N.  G.-C), 
with  distinct  zonation. 

Soluble  pigment:  None. 

2.  Caldtmi  malate-gl3rcerin  agar,  15  days. 

Growth:  Restricted,  cream-colored. 
Aerial  mycelium:  Same  as  on  No.  1. 
Soluble  pigment:  None. 

3.  Glucose  agar,  15  days. 

Growth:  Same  as  on  No.  1,  but  not  spreading  so  much  into  the  medium. 
Aerial  mycelium:  Same  as  on  No.  1,  but  more  abundlmt,  no  sonation,  Inving 

uncovered  margin. 
Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Thin,  restricted,  }rellowish  to  creamy  in  color. 

Aerial  mycelium:  Powdery,  covering  all  the  surface  of  growth,  white  to 

cream-colored. 
Soluble  pigment:  None. 

5.  Blood  agar,  37^. 

Growth:  Gray,  with  tinge  of  red,  restricted,  folded. 
Aerial  mycelium:  None. 

Soluble  pigment:  None,  often  a  dark  reverse  is  obtained. 
Hemolysis:  None. 
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6.  Blood  serum,  37^ 

Growth:  Cream-colored,  spreading. 

Aerial  mycelium:  None  at  first,  some  white  isolated  spots  appearing  in  iO-iS 

days. 
Soluble  pigment:  None  at  first,  with  a  faint  brown  pigment  developing  in 

10-15  days. 
Liquefaction:  Faint,  not  increasing  with  age  of  culture. 

7.  Egg-media,  37^  3  days. 

Growth:  Cream-colored,  spreading. 

Aerial  mycelium:  White  cottony  tufts  all  over  surface. 

Soluble  pigment:  None,  purplish  pigment  developing  only  in  7  days. 

8.  Starch  plate,  25^  12  days. 

Growth:  Spreading,  central  portion  pink,  with  colorless  to  gray  margin. 
Aerial  mycelium:  Ash-gray  powder  all  over  surface  of  growth. 
Enzymatic  tone:  4-5  mm.  wide. 

9.  Potato  plug. 

Growth:  Glossy,  yellow  to  red,  with  age,  turning  red-brown. 
Aerial  mycelium:  None. 
Color  of  plug:  Unchanged. 

10.  Carrot,  25**,  22  days. 

Growth:  Abundant,  raised,  spreading,  covering  all  plug,  of  a  pinkish  shade. 
Aerial  mycelium:  Grayish,  powdery,  abundant,  all  over  surface. 
Color  of  plug:  Unchanged. 

11.  Gelatin,  18%  30  days. 

Growth:  Gray,  moist,  abundant  surface  growth. 

Aerial  mycelium:  White,  in  patches. 

Soluble  pigment:  Yellowish  green,  spreading  into  the  insoluble  portbn. 

Liquefaction:  Medium,  2  cm.  of  gelatin  in  tube  liquefied  in  30  days. 

12.  Synthetic  solution,  15  days. 

Growth:  Thin  flakes  throughout  meditmi. 

Aerial  mycelium:  None. 

Soluble  pigment:  None. 

When  glycerin  is  substituted  for  saccharose,  there  is  a  heavy  cream-colored 

pellicle  formed,  with  greenish  white  aerial  mycelium  and  greenish  soloble 

pigment. 

13.  Milk,  37*. 

Growth  (25°) :  Faint,  brownish  growth  on  surface. 

Coagulation:  6-15  days. 

PeptomMotion:  Begins  soon  after  coagulation  is  complete,  advances  slowly, 

coagulum  may  not  all  be  digested  in  40  days,  although,  with  an  eaify 

coagulation  digestion  is  completed  in  15-20  days. 
Change  of  reaction:  Faintly  alkaline  (1). 

14.  Glucose  broth,  25'',  12  days. 

Growth:  Solid,  cream-colored  mass  on  surface  of  liquid,  with  pink  tinge  on 

reverse. 
Aerial  mycelium:  Cream-colored,  all  over  growth. 
Soluble  pigment:  None. 

m.  BlGGHEMICAL  FEATURES. 

1.  Nitrite  formation:  Excellent  with  all  sources  of  carbon;  it  may  be  absent  in  some 

cultures. 

2.  Proteolytic  action:  Fair  on  milk. 
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3.  Change  of  reacium:  Usually  to  alkaline. 

4.  Inversion  of  sugar:  Positive. 

5.  Diastatic  action:  Good,  starch  reduced  in  14  days  only  to  erythrodeztxin  (pooi 

saccharogenic  action);  only  fair  diastatic  action  is  obtained  on  the  plate. 

6.  Growth  on  cellulose:  Scant,  but  definite. 

Hab.    Isolated  from  California  and  cranberry  soils. 

Actinomyces  chromogenus  strain  205 

I.   MOXPHOLOGY. 

1.  Spirals. 

Numerous,  closed  spirals,  of  the  fist  type  produoed  on  the  different  synthetic 
media;  the  side  hyphae  are  often  only  of  a  wavy  natuae. 

2.  Conidia. 

Oval  to  elliptical. 

n.  Cultural  CkASACXEusncs. 

1.  Synthetic  agar,  15  days. 

Growth:  White,  q^reading  deq>  into  the  medium. 
Aerial  mycdium:  Ash-gray  with  brownish  tinge. 
Soluble  pigment:  None. 

2.  Cakium  malate-^ycerin  agar,  15  days. 

Growth:  Spreading,  colorless  on  and  below  surfticeof  ™^"""^  ed^e  mycekiid. 
Aerial  mycdimm:  Abundant,  cotUmy, all  overgrowth;  drops  of  water  on  sar> 

face;  color  of  mycelium  li^t  grayish  olive  (Rdg.  XLVI,  2\""-b),  with 

narrow  niiite  margin  turning  in  30  days  dark  gray. 
Soluble  pigment:  None. 

3.  Glucose  agar,  15  days. 

Growth:  Abundant,  chiefly  on  surface  of  ™^"""^  also  in  substimtom;  edge 
entire;  color  natal  brown  (Rdg.  XL,  13"'-K),  changing  in  30  days  to  alaiost 
black. 

Aerial  mycelimm:  Abundant,  cottony,  covering  all  surface;  color  white  with 
gray  tinge;  changing  in  30  days  to  Uc^t  gray. 

Soluble  pigment:  Brownish  pigment  b  dissolving  into  "M*few» 

4.  Nutrient  agar,  15  days. 

Growth:  Wrinkled,  brown  colored  at  first,  later  turning  gray-green. 
Aerial  mycelium:  White  patches. 
Soluble  pigment:  Brown. 

5.  Blood  serum,  37*,  7  days. 

Growth:  Thin,  spreading,  brown  smear. 
Aerial  mycdium:  None. 
Soluble  pigment:  Spreading,  dark  sone. 
Lifm^acHan,  None. 

6.  Egg-media,  ZT. 

Growth:  Thin,  spreading,  gray  growth,  later  hrroming  black  (17  days). 

Aerial  mycelium:  Dark  gray. 

Soluble  pigment:  Spreading  black  aone. 

7.  FoUto  plug,  25^  12-15  days. 

Growth:  Small,  wrinkled,  black  colonies. 
Aerial  mycelium:  None. 
Color  «/  plug:  AD  Mack. 
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8.  Carrot,  15  days. 

Growth:  Abundant,  spreading,  cream-colored. 

Aerial  mycelium:  White,  cottony  tufts  all  over  surface;  exuded  drops  are 

found  on  surface. 
Celor  of  plug:  Dark-brown  zone  around  growth. 

9.  Starch  plate,  15  days. 

Growth:  Transparent,  spreading. 

Aerial  mycelium:  Buff-gray  in  concentric  zones. 

Enzymatic  zone:  12-15  mm.  wide. 

10.  Gelatin,  IS^'C. 

Growth:  Cream-colored,  spreading  on  surface  and  side  of  tube;  flaky  in  the 

medium. 
Aerial  mycelium:  Abundant,  white,  cottony  tufts  covering  all  surface  growth. 
Soluble  pigment:  Dark  brown,  changing  to   deep  olive-green,   both  in  the 

liquefied  and  unliquefied  portions. 
Liquefaction:  Rapid  at  first,  later  becoming  very  slow  (5  mm.  in  35  days)  so 

that  the  liquefied  portion  may  solidify  again;  the  liquefaction  is  more  rapid 

in  presence  of  starch. 
This  is  the  only  organism  of  the  whole  group  which  exhibited  the  quinone 

action  on  gelatin;  even  this  organism  did  not  show  it  always. 

11.  Synthetic  solution. 

Growth:  Thin  pellicle  on  surface  and  colorless  flakes  throughout  the  meditmi. 
Aerial  mycelium:  Smoke  gray;  when  glycerin  is  substituted  for  saccharose^  it 

is  yellowish-buff. 
Soluble  pigment:  None;  when  glycerin  is  present,  in  place  of  saccharose,  it 

is  deep  yellow. 

12.  Milk,  37**.    Soluble  brown  pigment  produced. 

Growth  (25^) :  Dark  brown  ring. 

Coagulation:  None  at  37^,  a  clot  is  often  produced  at  25^. 

Hydrolysis:  If  no  visible  clot  is  obtained,  the  milk  may  undergo  hydrolysis 

in  20  days,  often  no  visible  action  is  observed  on  the  milk. 
Change  of  reaction:  Distinctly  alkaline  (3). 

13.  Glucose  broth,  25^  12  days. 

Growth:  Thin,  brown  ring  on  suriace  in  contact  with  glass;  some  flaky  colonies 

on  bottom. 
Aerial  mycelium:  None  to  grayish  brown  thin  layer. 
Soluble  pigment:  Dark  brown  all  through  liquid. 

14.  Utilization  of  different  carbon  compounds. 

Arabinose 0  Dextrose 1-2  Lactose 2 

Glycerin 1-2  Saccharose 1-3  Maltose 3-4 

Cellulose 2  Mannite 1  Starch 4 

Organic  acids 2 

HI.  Biochemical  Features. 

1.  Nitrite  formation:  Very  weak,  usually  none  or  only  faint  traces  with  some  sources 

of  c^bon.  • 

2.  Proteolytic  action:  Faint  in  milk;  good  on  gelatin,  both  in  presence  and  absence 

of  1  per  cent  starch. 

3.  Change  of  reaction:  Usually  none,  with  NaNQi  as  source  of  nitrogen;  often  faint 

acidity  (glycerin  as  source  of  carbon)  or  slight  alkalinity,  in  the  case  of  vigor- 
ous growth;  distinctly  alkaline  in  acid  gelatin  in  presence  and  absence  of 
starch  (Ph  changed  from  6.2  to  7.4  and  7.8);  faintly  add  in  alkaline  glucose 
broth. 
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4.  Inversum  of  sugar:  Positive  or  negative,  the  latter  is  obtained  with  weak  growth. 

5.  DiasUUic  action:  Good  on  plate. 

6.  Production  of  tyrosinase:  This  organism  is  the  only  one  of  the  whole  group,  in 

addition  to  A,  scabies,  which  produced  a  daric  pigment  on  the  tyrodn  agar 
plate;  the  pigment  was  not  as  deq>  as  that  produced  by  A,  scabies, 

7.  Growth  on  cellulose:  Very  faint  and  only  wiUi  certain  methods;  this  oiganiskn 

does  not  attack  cellulose  readily. 
Hab,    Isolated  by  the  writer  and  Curtis  from  Maine  Aroostook  soiL 

AcHnomyces  cUreus  Krainsky  1914,  p.  684,  emend.    Waksman  and  Curtis 

I.  MOBFHOLOGY. 

1.  Spirals. 

None  or  very  few  on  synthetic  agar  and  caldtmi  malate  agar;  long  nanowy 
open  spirals  on  dextrose  and  starch  agar,  which  are  of  the  dextrorose  type. 

2.  Conidia. 

Synthetic  agar:  Spherical  to  oval,  1.2  to  1.8  z  1.2  to  1.5  m- 

n.  CuLTDXAL  Characteristics. 

1.  Synthetic  agar. 

Growth:  Abundant,  q^reading,  chiefly  on  surface  also  to  some  extent  into 
medium;  raised,  wrinkled;  color  dtron-yellow  (Rdg.  XVI,  23-C). 

Aerial  mycelium:  Covering  all  growth,  same  color  (another  strain  has  white 
aerial  mycelium). 

Soluble  pigment:  None. 

2.  Caldiun  malate-glycerin  agar. 

Growth:  Good,  spreading  growth,  extending  somewhat  into   the  medium; 

cream-colored  with  yellowish  tinge. 
Aerial  mycelium:  Extensive,  cottony,  thick,  covering  all  colony,  except  narrow 

edge;  white,  with  mouse-gray  tinge,  later  turning  all  light  gray. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Very  extensive  growth,  chiefly  on  surface,  penetrating  into   the 

medium  only  to  a  small  extent;  center  much  elevated,  edge  entire,  glossy, 

color  olive-yellow  (Rdg.  XXX,  23"). 
Aerial  mycelium:  Cottony,  in  patches,  covering  only  parts  of  growth;  white 

colored;  in  30  days  aerial  mycelium  is  found  to  be  very  abundant,  thick 

and  pinkish  in  color. 
Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Restricted,  cream-colored. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

5.  Blood  agar,  37^. 

Growth:  Small,  restricted,  gray  colonies. 
Aerial  mycelium:  None. 

Soluble  pigment:  None.  • 

Hemolysis:  Begins  only  late  (6  days),  advancing  slowly;  zone  of  hemolysis 
0.5  mm.  wide  in  21  days. 

6.  Blood  serum,  37^ 

Growth:  Minute  cream-colored  colonies. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
Liquefaction:  None. 
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7.  Egg-media,  37^ 

Growth:  Thin,  spreading,  wrinkled,  cream-colored  growth. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

8.  Starch  plate. 

Growth:  Abundant,  yellowish-green  color,  characteristic. 
Aerial  mycelium:  Abundant,  pinkish  colored. 
Ensymatic  tone:  Fair,  5-8  mm.  not  perfectly  cleared. 

9.  Potato  plug. 

Growth:  Thin,  wrinkled,  gray-colored  smear. 

Aerial  mycelium:  Thin,  white,  but  property  lost  with  age,  so  that  on  later 

transfers  none  is  observed. 
Color  of  plug:  Unchanged. 

10.  Carrot,  25^  22  days. 

Growth:  Abundant,  spreading,  much  folded,  brownish  colonies. 
Aerial  mycelium:  Thin,  pkywdery,  white  in  rare  patches. 
Color  of  plug:  Unchanged. 

11.  Gelatin. 

Growth:  Yellowish,  restricted  pellicle,  floating  on  surface  or  falling  to  bottom 

of  liquefied  pit 
Aerial  mycelium:  White,  scant 
Soluble  pigment:  None. 
Liquefaction:  Mediiun  (1  cm.  in  35  days). 

12.  Synthetic  solution. 

Growth:  Small  flakes  on  bottom. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

When  glycerin  is  substituted  for  saccharose,  there  is  formed  a  white  surface 
pellicle,  with  a  thin  white  aerial  mycelium. 

13.  Milk,  37*. 

Growth:  Cream-colored  surface  zone  and  hydrolysis  in  15  days  at  25^ 

Coagulation:  9-10  days. 

Peptonisation:  Rapid;  dot  all  digested  in  20  days. 

Hydrolysis:  In  certain  tubes  no  coagulation  takes  place,  but  milk  is  slowly 

hydrolized. 
Change  of  reaction:  Distinctly  alkaline  (3). 

14.  Ghicose  broth,  25^  12  days. 

Growth:  Thin,  wide,  yellowish  ring  on  surface,  in  contact  with  glass;  often  an 
abundant  surface  pellicle  is  formed;  few  flakes  on  bottom  and  throughout 
medium. 

Aerial  mycdium:  Scant  white  over  edges  of  growth. 

Soli^  pigment:  None  to  faint  jrellow. 

m.  Biochemical  Featuses. 

1.  Nitrite  formation:  None  or  mere  traces  of  nitrites  ^rnimu^^tf^,  with  moist  carbon 

sources. 

2.  Proteolytic  action:  Very  good  in  milk. 

3.  Change  of  reaction:  Distinct  alkalinity  in  milk;  faint  acidity  in  alkaline  ^cote 

broth. 

4.  Inversion  of  sugar:  Positive. 

5.  Diastolic  action:  Fair  on  plate. 

6.  Growth  on  cdhilose:  None. 
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Hob.  Isolated  numerous  times  from  Oregon  adobe,  New  Jersey  garden  and 
orchard  soils,  and  identified  by  Waksman  and  Curtis  as  belonging  to  the 
above  spedes,  although  comparison  with  Krainsky's  culture  was  impossible, 
as  in  the  case  of  the  other  cultures  that  were  believed  to  be  the  same  as 
isolated  by  Krainsky. 

AcHnamyces  diastnticus  Krainsky  1914,  p.  682,  emend.    Waksman  and  Curtis 

It  is  not  certain  whether  or  not  this  organism  is  exactly  the  same  as  that 
described  by  Krainsky,  since  no  comparison  of  cultures  was  made,  it  is  re- 
lated culturally  and  particularly  in  its  diastatic  action  to  the  following  two 
organisms  or  groups:  A.  ndgersensisand  A.  Upmanii;  the  A.  diasUUicus  studied 
by  Krainsky  no  doubt  belongs  to  one  of  these  three  organisms  or  is  at  least  a 
closely  related  form. 

I.  Morphology. 

1.  Spirals. 

Usually  none  on  synthetic  dextrose  and  cakium  malate  agar;  sometimes  fine, 
narrow,  long  spirals  may  be  produced. 

2.  Conidia. 

Syniketic  agar:  Oval  shaped,  "l-O  to  1-2  z  1.1  to  \JS  m- 

II.  Cultural  Characteristics. 

1.  Synthetic  agar. 

Growih:  Spreading,  thin,  gray,  developing  deep  into  medium. 
Aerial  mycelium:  White,  turning  drab  gray  (Rdg.  XLVI,  i7""-il). 
Soluble  pigment:  Brown  to  dark  brown. 

2.  Calcium  malate-glycerin  agar. 

Growth:  Spreading  on  surface  and  deep  into  medium,  edge  glossy,  entire; 

color  brown. 
Aerial  mycelium:  Thin,  gray,  somewhat  powdery,  covering  whole  sor&ce 

except  a  narrow  margin  of  colony  left  uncovered. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Yellowish,  ^reading  on  surface  in  the  form  of  minute  cokwiies,  ninniDg^ 

into  one  another,  also  deep  into  medium. 
Aerial  mycelium:  None  in  30  days. 
SolubU  pigmemU  None. 

4.  Nutrient  agar. 

Growth:  Cream-colored. 
Aerial  mycelimm:  Thin,  white. 
SolubU  pigment:  None. 

5.  Blood  agar,  37^. 

Growth:  Grayish-brown,  restricted,  folded. 

Aerial  mycelium:  None. 

Soluble  pigment:  Faint  brown  at  first  (2  days),  later  may  disappear. 

Hemolysis:  Wide  dear  xone  in  10-15  da>'S. 

6.  Blood  serum,  37*. 

Growth:  Restricted,  gray  colored,  appearing  late  (12-15  days). 
Aerial  mrceiiumz  None. 
Soluble  pismemts  None. 
Uq^xtion:  Started  in  15  da>'s. 
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7.  Egg-media,  37**. 

Growth:  Very  thin,  spreading,  wrinkled  growth,  cream-colored,  with  greenish 

tinge  (5  days). 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 

8.  Starch  plate,  15  da3rs. 

Growth:  Thin,  spreading,  colorless. 

Aerial  mycelium:  None. 

Enzymatic  zone:  Very  broad,  20  mm.,  and  more. 

9.  Potato  plug. 

Growth:  Abundant,  wrinkled,  cream-colored,  with  greenish  tinge,  later  (15 
days)  becoming  brown. 

Aerial  mycelium:  White,  to  gray;  property  is  lost  with  age,  so  that,  on  con- 
tinued cultivation,  no  aerial  mycelium  is  produced. 

Color  of  plug:  Darkened  at  first;  on  continued  cultivation  no  change  of  color 
of  plug  is  produced. 

10.  Carrot,  25**,  22  days. 

Growth:  Abundant,  spreading,  folded,  dark  brown,  covering  all  surface  of 

plug 
Aerial  mycelium:  Scant,  drab  gray. 
Color  of  plug:  Brownish,  all  plug  shrivelled  up. 

11.  Gelatin,  18**. 

Growth:  Small  cream-colored  flakes  dropping  to  bottom  of  liquefied  portion; 

some  growth  on  surface. 
Aerial  mycelium:  Gray,  covering  all  growth. 
Soluble  pigment:  None. 
Liquefaction:  Rapid  (3-4  cm.  in  35  days). 

12.  Synthetic  solution. 

Growth:  Flakes  throughout  medium,  often  a  white  surface  pellicle  is  formed. 
Aerial  mycelium:  None  or  some  thin  grayish  layer. 
Soluble  pigment:  None  to  yellow,  often  becoming  brownish. 

13.  Milk,  37*. 

Growth  (25**) :  Brownish  ring  on  surface. 

Coagulation:  5-7  days. 

Peptonization:  Begins  in  5-7  dajrs,  is  completed  in  25-30  days. 

Change  of  reaction:  Faintly  alkaline  (1). 

14.  Glucose  broth,  25"*,  12  days. 

Growth:  Ring  of  gray  colonies  on  surface;  round,  colorless  to  grayish  colonies 

on  bottom  of  tube. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

15.  Utilization  of  different  carbon  compounds. 

Arabinose 4  Dextrose 4    Lactose 4 

Glycerin 4  Saccharose 1-3    Maltose 4 

Cellulose 0  Mannite 4    Starch 4 

Organic  acids 0-1 

ni   Biochemical  Features. 

1.  Nitrite  formation:  Fair  in  presence  of  most  readily  avaUable  sources  of  carbon; 

often  none  is  evident,  especially  with  poor  growth. 

2.  Proteolytic  action:  Good  in  milk;  very  good  on  gelatin,  but  only  faint  when  1  per 

cent  of  starch  is  present. 


112  SELMAN  A.  WAKSMAN 

3.  Change  of  reaction:  Distinct  alkalinity,  with  sodium  nitxate  as  a  scmzoe  of 

nitrogen;  fairly  alkaline  in  acid  gelatin,  but  only  faintly  alkaline  when  1  per 
cent  of  starch  is  present;  faint  alkalinity  in  milk;  faint  acidity  in  allri^lfa^ 
glucose  broth. 

4.  Inversion  of  sugar:  None. 

5.  Diastatic  action:  Excellent,  all  starch  of  a  1  per  cent  solution  used  up  in  14  days; 

excellent  on  plate,  zone  more  than  20  mm.  wide  in  15  days. 

6.  Growth  in  cellulose:  None  or  very  scant. 
Hab,    California  sandy  loam. 

Actinomyces  161 

L  MOSFHOLOGY. 

This  species  resembles  in  many  respects  Krainsky's  A.  erytkrochromogenuSf  but 

it  does  not  produce  the  brown  pigment  characteristic  of  the  chromcgemus 

species  on  nutrient  agar  and  gelatin. 
Synthetic  agar:  Numerous  open  spirals  formed  as  side  branches  of  the  main 

hyphae.    The  mycelium  is  fine,  branching.    No  spirals  are  observed  when 

saccharose  is  replaced  by  glycerin  in  the  medium. 

n.  CuLTUKAL  Characteristics. 

1.  Synthetic  agar. 

Growth:  Spreading  with  irregular  margin,  developing  deep  into  the  medium; 
color  at  first  white,  later  turning  yellowish;  agar  around  growth  has  a  white 
milky  surface. 

Aerial  mycelium:  Thick,  solid,  white,  all  over  growth  and  appears  early. 

Soluble  fngment:  Pomegranate  purple  (Rdg.  Xn,  71-i),  later  turning  Bor- 
deaux (Rdg.  xn,  71-k)  color.  On  repeated  transfers,  pigment  becomes 
vinaceous  colored. 

2.  Calcium  malate-glycerin  agar. 

Growth:  Restricted,  thin  on  surface,  developing  well  into  the  medium;  sur- 
face smooth,  edge  lobose;  color  creamy  with  shade  of  pink. 
Aerial  mycelium:  Thin,  covering  entire  surface,  white  colored. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Grotvth:  Abundant,  spreading,  cream-colored,  later  turning  brown  chiefly  on 

surface;  center  raised;  surface  presents  cracking  appearance,  edge  lobose. 
Aerial  mycelium:  Thin,  white,  over  entire  surface  (very  thin  over  margin). 
Soluble  pigment:  None.    Faint  brown  in  20  days. 

4.  Nutrient  agar. 

Growth:  Cream-colored. 

Aerial  mycelium:  Few  white  patches. 

Soluble  pigment:  None. 

5.  Blood  serum,  25^,  30  days. 

Growth:  Restricted,  gray  colored. 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 
Liquefaction:  None. 

6.  Egg-media,  25°,  30  days. 

Growth:  Spreading,  cream-colored,  with  pinkish  tinge. 

Aerial  mycelium:  Cottony,  white  tufts  all  over  surface,  with  pinkish    tinge 

showing  through. 
Soluble  pigment:  Pinkish  tinge. 
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7.  Potato  plug. 

Growth:  Wrinkled,  cream-colored,  becoming  yellowish  with  age  (30  days). 
Aeri4d  mycelium:  White  patches. 
Color  of  plug:  Purplish  in  18  days. 

8.  Carrot,  25^  22  days. 

Growth:  Restricted,  later  spreading,  much  raised,  folded  brownish  colored. 
Aerial  mycelium:  White,  powdery,  with  shade  of  pink;  center  daric 
Color  of  plug:  Dark  brown. 

9.  Starch  plate,  25'',  12  days. 

Growth:  Cream-colored,  round  colonies,  with  faint  greenish  tinge. 
Aerial  mycelium:  White,  granular  in  patches  over  surface. 
Soluble  pigment:  None. 
Ensymatic  gone:  11-13  nun.  wide. 

10.  Gelatin,  18*,  30-35  days. 

Growth:  Abundant,  dense  gray  with  pinkish  tinge,  chiefly  on  surface  of  liquefied 

portion. 
Aerial  mycelium:  Abundant,  white,  powdery  on  surface  of  growth. 
Soluble  pigment:  None. 
Liquefaction:  Slow,  (0.5  cm.  in  35  days)  in  presence  of  starch,  more  rapid  in  its 

absence. 

11.  Synthetic  solution. 

Growth:  Greenish-brown  colonies  on  surface  with  solid  ring  in  contact  with 

glass  of  tube. 
Aerial  mycelium:  Usually  none  or  scant  white. 
Soluble  pigment:  Greenish-brown  to  red  brown. 

12.  Milk,  37*. 

Growth  (25*) :  Yellowish  surface  zone. 

Coaiulation:  Begins  in  7-8  days,  advances  very  slowly  and  is  not  completed 

in  50  days. 
Change  of  reaction:  Faintly  (1)  to  distinctly  alkaline  (2). 

13.  Glucose  broth,  25*,  12  days. 

Growth:  Abundant,  cream-colored  growth  on  surface. 
Aerial  mycelium:  Thin,  powdery,  rare,  white,  in  tufts. 
Soluble  pigment:  Dark  brown,  dissolving  downward;  often  none,  particularly  if 
growth  is  limited. 

m.  Biochemical  Features. 

1.  Nitrite  formation:  Only  with  starch  as  source  of  carbon,  not  with  saccharose  or 

glycerin. 

2.  Proteolytic  action:  Good  in  milk;  excellent  on  gelatin,  but  only  good  in  the 

presence  of  a  1  per  cent  starch. 

3.  Change  of  reaction:  Faintly  alkaline  in  alkaline  glucose  broth;  alkaline  in  solutions 

containing  NaNQs  as  source  of  nitrogen  and  different  sources  of  carbon; 
distinctly  alkaline  in  acid  gelatin,  both  in  presence  and  absence  of  starch 
(from  Pb  6.2  changed  to  7.6);  distinctly  alkaline  in  milk. 

4.  Inversion  of  sugar:  Positive. 

5.  Diastolic  action:  Very  good;  all  starch  reduced  in  a  1  per  cent  solution  in  14  days; 

good  on  plate. 

6.  Growth  on  cellulose:  None. 

Hob,    Isolated  from  California  and  Hawaiian  soils  (161). 
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Actinomyces  exfoliatus  Waksman  and  Curtis 

I.  Morphology. 

1.  Spirals. 

Usually  none  or  only  a  very  faint  wavy  effect  of  the  mycelium  (synthetic  a 
on  some  media,  such  as  cellulose  agar  and  dextrose  agar,  there  is  a  dis 
tendency  to  form  spirals. 

2.  Conidia. 

SyrUheUc  agar:  Oval,  1.0  to  1.5  x  1.2  to  1.8  ti. 

n.  Cultural  Characteristics. 

1.  Synthetic  agar. 

Growth:  Colorless,  later  becoming  brown  with  smooth  glossy  surface 
veloping  deep  into  the  medium;  surface  growth  has  at  first  a  tenden 
crack  and  peel  off,  but  on  successive  cultivation  this  property  is  lost. 

Aerial  mycelium:  White  patches,  soon  covering  all  surface. 

Soluble  pigment:  Brown,  increasing  on  successive  cultivation. 

2.  Calcium  malate-glycerin  agar,  15  days. 

Growth:  Restricted,  cream-colored  surface  growth,  penetrating  to  a 

extent  into  medium;  surface  dry,  edge  myceloid. 
Aerial  mycelium:  Very  thin,  powdery,  white. 
Soluble  pigment:  None. 

3.  Glucose  agar,  15  days. 

Growth:  Folded,  spreading  both  on  surface  and  into  medium,  elevated  in  a 
wrinkled,  cream-colored  with  brownish  tinge,  becoming  in  30  da} 
brown. 

Aerial  mycelium:  None  at  first,  white  patches  appear  in  30  days. 

Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Clear,  developing  deep  into  medium,  none  on  surface. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

5.  Blood  serum,  37^ 

Growth:  Glossy,  restricted,  cream-colored  smear. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
Liquefaction:  None. 

6.  Egg-media,  37^ 

Growth:  Minute  yellowish  colonies  (5  days),  remaining  unchanged  on 

tinned  incubation. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

7.  Starch  plate,  15  days. 

Growth:  Restricted,  gray  colored,  changing  to  brown. 

Aerial  mycelium:  Light  buff-gray. 

Enzymatic  zone:  Fair,  6-8  mm.  wide,  incompletely  cleared. 
S.  Potato  plug. 

.  Growth:  Good,  somewhat  wrinkled,  at  first  gray,  later  brown  colored. 

Aerial  mycelium:  None. 

Color  of  ^ug:  Unchanged. 
9.  Carrot,  25**,  22  days. 

Growth:  Thin,  cream-colored,  restricted,  net-like. 

Aerial  mycelium:  None. 

Color  of  plug:  Unchanged. 
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lO.  Gelatin,  18^ 

Growth:  Cream-colored,  flaky  on  bottom  of  liquefied  pit 

Aerial  mycdium:  White  or  none. 

SdMe  pigment:  None. 

Liquefaction:  Faint  to  fair. 
S  1,  Synthetic  solution. 

Growth:  Minute  colonies  throuc^  medium. 

Aerial  mycelium:  White,  often  none  at  all. 

Soluble  pigment:  Yellow  to  light  brown. 
X  2.  Milk,  37*. 

Growth  (28^) :  Cream-colored  ring  on  surface. 

Coagulation:  Usually  none,  often  a  soft  clot  is  produced  in  8-12  days. 

PeptoniMOtion:  Slow,  not  clearing  as  perfectly  as  in  the  case  of  hydrolysis. 

Hydrolysis:  When  the  milk  does  not  dot,  it  hydrolyzes  very  rapidly  and  is 
completed  in  8-10  days. 

Change  of  reaction:  Strongly  alkaline  (4). 
:&  3.  Glucose  broth,  25"*,  12  days. 

Growth:  Round,  colorless,  small  colonies  on  bottom  of  tube. 

Aerial  mycelium:  None. 

Soluble  pigment:  None. 
1*4.  Utilization  of  different  carbon  compounds. 

Arabinose 4    Dextrose 4  Lactose 4 

Glycerin 3    Saccharose 3-5  Malate 3 

CeUulose 1-3    Mannite 3  Starch 4 

Organic  acids 1-2  (tartrate) 

m.     ^BXOCHEMICAL  FeATUSES. 

1.  Nitrite  formation:  Good  with  many  sources  of  carbon,  often  (saccharose  and 

glycerin)  only  traces  are  produced. 

2.  Proteolytic  action:  Fair  in  milk;  faint  on  gelatin,  both  in  presence  and  absence  of 

starch. 
^.  Change  of  reaction:  Distinctly  alkaline,  with  different  sources  of  carbon  with 

NaNOb  as  source  of  nitrogen;  slightly  acid  in  add  gelatin,  changing  from 

Pa  6.2  to  Pk  5.8. 
A.  Inoersion  of  sugar:  Positive. 
S,  Diastolic  action:  Very  good,  1  per  cent  starch  all  used  up  in  14  days;  fair  on 

plate. 
<.  Growth  on  cellulose:  Good  in  solution  and  on  plate;  clear  sone  was  formed  on 

plate. 
Bab.    California  upland  and  adobe  soiL 

^^^^nomyces  JUams  Erainsky  1914,  p.  685,  emend.    Wakaman  and  Curtis 

\*  MoiPHOLOGY. 

1.  Spirals. 

Usually  none;  very  coarse  strught  branching  hyphae  on  synthetic  media; 
some  open  Bpinh  may  be  produced. 

2.  Conidia. 

Conidia  are  produced  by  beading  effect  and  also  hyphae  breaking  up  into  oval- 
shaped  wpoTtn. 
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II.  CuLTUSAL  Characteristics. 

1.  Synthetic  agar. 

Gfowih:  Colonies  round,  yellow  to  sulfur-yellow. 
Aerial  mycelium:  Straw-yellow. 
Soluble  pigment:  None. 

2.  Calcium  malate-glycerin  agar. 

Growth:  Spreading  both  on  and  below  surface,  edge  mycebid;  color 

straw  yellow  and  amber  yellow  (Rdg.  XVI,  21'). 
Aeri4d  mycdium:  Thin,  white,  powdery  over  center  of  growth,  leaving  wide 

margin  uncovered,  appears  in  3-4  days. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Restricted,  chiefly  on  surfiice  of  medium,  center  raised  and  folded; 

sulfur-yeUow  with  brown  shade  in  raised  center. 
Aerial  mycelium:  None  at  first,  scant  white  to  grajrish  later. 
Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Gray,  folded,  q[>reading. 
Aerial  mycdium:  None. 
Soluble  pigment:  Faint  brown. 

5.  Blood  serum,  25%  20  days. 

Growth:  Spreading,  cream-colored. 
Aerial  mycdium:  Scant,  white,  in  patches. 
Soluble  pigment:  Brown. 
LdquefacHon:  None. 

6.  Egg-media,  25'',  20  days. 

Growth:  Abundant,  much  wrinkled,  cream-colored,  later  becoming  yellow. 
Aerial  mycdium:  At  first  traces  of  white  patches  which  do  not  devdop  further. 
Soluble  pigment:  Purplish,  developing  only  in  7  days. 

7.  Starch  plate,  25%  12  days. 

Growth:  Spreading,  cream-cobred,  with  pink  tinge. 
Aerial  mycdium:  White  tufts,  with  shade  of  pink. 
Soluble  pigment:  None. 
Enzymatic  tone:  10-11  mm.  wide. 

8.  Potato  plug. 

Growth:  Elevated,  much  wrinkled  (bamade-like),  greenish-olive  (chancter- 

istic). 
Aerial  mycdium:  Thin,  white. 
Color  of  plug:  Dark  zone  around  growth. 

9.  Carrot,  25%  22  days. 

Growth:  Abundant,  raised,  restricted,  yellowish. 
Aerial  mycdium:  Thin,  sulfur-yellow  layer. 
Color  of  plug:  Unchanged. 

10.  Gelatin,  18%  35  days. 

Growth:  Heavy,  colorless  pellicle  on  bottom  of  liquefied  portion;  smaU  ytk" 

lowish  masses  on  surface  (in  contact  with  glass). 
Aerial  mycdium:  None. 

Soluble  pigment:  Dull-brown  only  in  liquefied  portion. 
Liquefaction:  Rapid  (3  cm.  in  35  days). 

11.  Synthetic  solution. 

Growth:  Yellowish,  round,  flaky  colonies  throughout  the  medium. 
Aerial  mycdium:  White  to  straw-jrellow. 
Soluble  pigment:  None. 
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12.  Milk,  37^    Dark  brown  soluble  pigment. 

Caagulaiicn:  5-6  days.  ^ 

PepUmaation:  Complete  in  10-15  days. 
Change  of  reaction:  Distinctly  alkaline  (4). 

13.  Glucose  broth,  25%  12  days. 

Growth:  Small,  white,  radiating  round  colonies  on  bottom  of  tube. 
Aerial  mycelium:  None. 
SoUMe  pigment:  None. 

m.  Biochemical  Featuses. 

1.  Nitrite  formation:  Mere  traces  of  nitrites  are  acctmiulated,  with  most  carbon 

compounds. 

2.  Proteolytic  action:  Good  on  gelatin  and  milk. 

3.  Change  of  reaction:  Unchanged  in  gelatin  (faintly  add  in  presence  of  starch); 

very  addon  glucose  broth  (Ph  changed  from  7.9  to  5.2  in  15  days);  distinct 
alkalinity  in  milk.  • 

4.  Inversion  of  sugar:  Positive. 

5.  Diastatic  action:  Fair  to  good;  zone  on  plate  10-11  mm.  wide  in  12  days  at  25^ 

6.  Growth  in  cellulose:  Fair,  with  paper  in  solution  as  the  only  source  of  carbon. 
Hab.    Recdved  from  Dr.  C.  B.  Lipman,  who  isolated  it  from  the  forming  soil  of 

Tortugas  Island;  isolated  also  from  upland  and  adobe  California  soils. 

Actinomyces  128 

I.  Morphology. 

1.  Spirals. 

Usually  none  on  all  the  media  studied.  Under  the  microscope,  the  growth 
is  found  to  consist  of  a  laige  mass  of  minute  tufts;  the  h3rphae  are  coarse, 
straight,  short,  relativdy  unbranched,  beaded;  open  q[>irals  may  be  pro- 
duced in  certain  instances. 

2.  Conidia. 

Synthetic  agar:  Spherical,  oval  to  rod-shaped,  0.75  to  1.0  z  1.0  to  1.5  m- 

IL  CuLTDKAL  Characteristics. 

1.  Synthetic  agar. 

Growth:  Spreading  deep  into  the  substratum,  ydlowish  with  greenish  tinge. 
Aerial  mycelium:  Powdery,  covering  all  surface  with  distinct  zone  formation; 

Hathi  gray  (Rdg.  LH,  38'""-b)  color. 
Soluble  pigment:  Greenish  yellow. 

2.  Caldum  malate-gl3rcerin  agar. 

Growth:  Spreading  deep  into  the  medium;  surface  limited  only  to  aerial 
mycelium;  cobr  of  growth  primuUne  yellow  (Rdg.  XVI,  190- 

Aerial  mycelium:  Powdery,  covering  center  of  growth  leaving  wide  uncovered 
margin;  pale  mouse  gray  (Rdg.  LI,  15""0  mixed  with  pale  buff. 

Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Restricted,  developing  only  to  a  very  small  extent  into  the  medium; 

edge  entire,  color  yellow  with  shade  of  dark,  in  30  days  turning  black. 
Aerial  mycelium:  Covering  all  surface,  except  a  narrow  margin;  color  li^t 

gull  gray  (Rdg.  Lin,  C.  G.  -9);  margin  pale  buff. 
Soluble  pigment:  Golden  yellow  throughout  slant. 
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4.  Nutrient  agar. 

Growth:  Yellowish;  the  reverse  is  dari^  in  centtr,  with  a  ydlowish  zone 

outer  white  zone. 
Aerial  mycdium:  Abundant,  mouse-gray,  all  over  growth. 
Soluble  pigment:  None. 

5.  Blood  agar,  37^ 

Growth:  Green,  spreading. 
Aeri<U  mycelium:  White. 
Soluble  pigment:  None. 
Hemolysis:  Excellent. 

6.  Blood  serum,  37^ 

Growth:  Thin,  spreading,  gray  smear  in  4  days,  with  glossy  surface. 
Aerial  mycdium:  White,  developing  at  an  early  date  (4  days). 
Soluble  pigment:  None. 
Ld^u^acUan:  Rapid  in  7-8  days. 

7.  Egg-media,  37^ 

drowth:  Round,  yellow  cobnies. 

Aerial  mycdium:  Abundant,  white,  all  over  growth. 

Soluble  pigment:  None. 

8.  Starch  plate,  25%  15  days. 

Growth:  Greenish-yellow,  spreading  growth,  developing  deep  into  the 
Aerial  mycdium:  Gray  with  tinge  of  yellow. 
Eraymatic  sane:  Good  (12-15  mm.  wide). 

9.  Potato  plug. 

Growth:  Sulfur-yellow  (4  days),  wrinkled. 

Aerial  mycdium:  Abundant  ash-gray,  all  over  growth,  appears  only  in  6-7 

days. 
Color  of  plug:  Narrow  black  zone  around  growth,  non-spreading. 

10.  Carrot,  25%  22  days. 

Growth:  Abundant,  entire,  spreading,  yellowish  with  greenish  tinge. 

Aerial  mycdium:  Membranous,  all  over  surface  of  growth;  white,  with  yellow 

shade. 
Color  of  plug:  Unchanged. 

11.  GeUtin,  18^ 

Growth:  Yellowish-green  surface  pellicle  consisting  of  a  mass  of  small  colonies; 

there  is  also  a  mass  of  flakes  on  bottom  of  liquefied  portion. 
Aerial  mycdium:  Abundant,  white,  cottony. 
Soluble  pigment:  None. 

12.  Synthetic  solution,  25%  15  days. 

Growth:  Small,  white  colonies  throughout  medium  (attached  to  glass  of  tube) 

and  on  surface. 
Aerial  mycelium:  Ash-gray. 
Soluble  pigmenl:  Greenish-yellow. 

13.  Milk,  37*. 

Growth  (25*):  Cream-cobred  to  brownish  surface  ring. 

Coagulalian:  3-6  days. 

Peptanitatian:  Begins  soon  after  coagulation,  advances  rapidly  and  Is  aU 

completed  in  15-30  days. 
Change  of  readian:  Faindy  alkaline  (1). 

14.  Glocote  bioth,  25%  12  days. 

Growth:  Thick,  sulfur-yellow  mass  on  surface,  chiefly  in  contact  with  glass  of 

tube. 
Aerial  mycdium:  Cottony,  white. 
Soluble  pigment:  None. 
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15.  Utilization  of  different  carbon-compounds. 

ArMnase 0  Dextrose 2       Lactase 2 

Glycerin. 1  Saccharose 1        MaUase 3 

CeiMose 1-2                                                 Starch 3 

Organic  adds 1-2 

BiocHEinCAL  Featxtses. 

1.  Nitrite  formation:  Usually  none  or  mere  traces  (maltose  and  glycerin). 

2.  Proteolytic  action:  Very  good  on  milk;  good  on  gelatin,  both  in  presence  and 

absence  of  starch. 

3.  Change  of  reaction:  No  change,  sliest  acidity  or  alkalinity  with  NaNOi,  de- 

pending on  source  of  carbon;  faintly  alkaline  in  milk;  distinctly  alkaline  in 
glucose  broth  and  in  gelatin,  both  in  presence  and  absence  of  starch. 

4.  Inversion  of  sugar:  None. 

5.  Diastatic  action:  Fair,  starch  not  used  up  in  a  1  per  cent  solution  in  20  days; 

good  on  plate,  zone  12-15  mm.  wide. 

6.  Growth  on  cellulose:  None  or  very  scant. 
Hob.    Oregon  adobe  soil  (128). 

Actinomyces  fradii  Waksman  and  Curtis 

MOSFHOLOGY. 

1.  Spirals. 

None  observed  on  most  media;  only  straight,  branching  hsrphae;  on  f^ycerin 
synthetic  agar  some  spiral  formation  is  observed  which  is  of  a  deztrorose 
type, 

2.  Conidia. 

Synthetic  agar:  Rod  to  oval-shaped,  0.5  x  0.75  to  1.25  au 

CULTDKAL  ChAKACTESISTICS. 

1.  Synthetic  agar. 

Growth:  Smooth,  spreading,  colorless,  developing  deep  into  the  medium; 

often  a  pale  yellow  orange  (Rdg.  m,  15-f)  shade  in  reverse.   * 
Aerial  mycelium:  Thick  cottony  mass  soon  covering  all  surface,  of  a  sea-shell 

pink  color  (Rdg.  XIV,  11-f). 
Soluble  pigment:  None. 

2.  Calcium  malate-glycerin  agar,  15  days. 

Growth:  Spreading,  orange-colored,  growing  deep  into  medium. 

Aerial  mycelium:  Cottony  patches  at  first,  in  25  days,  mycelium  covers  all 

surface;  color  of  mycelium  is  the  same  as  on  No.  1,  but  with  lifter  colored 

edge. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Restricted  glossy  growth  on  surface  of  medium;  surface  of  growth 
forming  a  net-work  in  places;  edge  lichnoid;  color  cartridge  buff  (Rdg.  XXX, 
19"-f). 

Aerial  mycelium:  None  in  15  days,  in  25  days  patches  of  characteristic  sea- 
shell  pink  color  appears. 

Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Yellowish,  turning  later  (10  days)  to  orange-yellow,  restricted. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
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5.  Blood  agar,  37^ 

Growth:  Good,  brown,  crumpled  growth  is  obtained  in  2  days,  later  (21  days) 

changing  to  reddish  colored. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
Hemolysis:  None. 

6.  Blood  serum,  37^ 

Growth:  Orange-colored,  restricted. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
Liquefaction:  None. 

7.  Egg-media,  37'. 

Growth:  Restricted,  wrinkled,  orange-colored  growth. 
Aerial  mycelium:  White  patches. 
Soluble  pigment:  None. 

8.  Starch  plate. 

Growth:  Spreading,  colorless. 

Aerial  mycelium:  Of  the  characteristic  sea-shell  pink  color. 

Enzymatic  zone:  Broad,  12-15  mm. 

9.  Potato  plug. 

Growth:  Restricted,  orange-colored,  characteristic. 
Aerial  mycelium:  Thin,  cream-colored  patches. 
Color  of  plug:  Unchanged  to  faint  brown. 

10.  Carrot,  25*,  22  days. 

Growth:  Orange-colored  to  brownish-orange,  spreamng,  much  wrinkled  with 

lichnoid  margin. 
Aerial  mycelium:  None. 
Color  of  plug:  Unchanged. 

11.  Gelatin,  18^,30  days. 

Growth:  Cream-colored  to  brownish  dense  growth  on  surface  of  liquefied 

portion. 
Aerial  mycelium:  White  or  none. 
Soluble  pigment:  None. 
Liquefaction:  Rapid,  on  continued  cultivation  it  becomes  slower. 

12.  Synthetic  solution. 

Growth:  Minute  colonies  through  medium  and  on  surface. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

13.  Milk,  37^ 

Growth  (25°) :  Faint,  cream-colored  surface  ring. 

Coagulation:  10-12  days. 

Peptonization:  Begins  as  soon  as  coagulation  is  complete,  proceeds  rapidly 

and  coagulum  is  all  digested  in  20  days. 
Hydrolysis:  In  certain  cases,  no  coagulum  is  formed,  but  milk  is  slowly 

hydrolyzed  downward;  clearing  is  not  completed  in  30  days. 
Change  of  reaction:  Fairly  alkaline  (2). 

14.  Glucose  broth,  25*",  12  days. 

Growth:  Dense,  narrow,  orange-colored  ring  on  surface  in  contact  with  {^ass; 

also  abundant,  colorless  flaky  mass  on  bottom. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

15.  Utilization  of  different  carbon  compounds. 
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5.  Blood  serum. 

Growth:  None. 

6.  Egg-media,  37^  7  days. 

Growth:  Spreading,  cream-colored. 

Aerial  mycelium:  White  cottony  tufts  all  over  surface  of  growth. 

Soluble  pigment:  None. 

7.  Starch  plate,  25'',  15  days. 

Growih:  Grayish  brown,  with  dark  ring. 

Aerial  mycelium:  Gray. 

Efuymatic  Mone:  Fair  (8-10  nun.  wide) ,  starch  not  perfectly  deared. 

8.  Potato  plug. 

Growth:  Cream-colored  at  first  (4  days),  later  becoming  black  (15  days), 
spreading  rapidly  and  surrounding  all  the  plug.    The  growth  of  this 
and  of  A.  206  results  in  the  destruction  of  the  whole  plug  in  30  days. 

Aerial  mycelium:  At  first  (4-5  days),  thin  white,  later  (15  days) 
abundant,  white  colored  with  greenish  tinge. 

Color  of  plug:  Brown. 

9.  Carrot,  25%  22  days. 

Growth:  Abundant,  enveloping  all  the  surface  of  the  plug. 

Aerial  mycelium:  Abundant,  ash-gray  to  purplish  gray,  powdery,  all  over 

surface. 
Color  of  plug:  DariL  brown. 

10.  Gelatin,  18^,  35  days. 

Growth:  Spreading,  yellowish,  dropping  in  the  form  of  flakes  to  bottom  ol 

liquefied  portion. 
Aerial  myceUum:  White,  all  over  growth. 
Soluble  pigment:  Faint  yellowish  in  liquefied  portion. 
Liquefaction:  Slow  at  first,  then  rapid,  with  nearly  all  tube-liquefied  in  35 

days. 

11.  Synthetic  solution. 

Growth:  Scant  flaky  growth  on  bottcun  of  tube. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

12.  Milk,  37**. 

Growth  (25^):  Abundant  surface  pellide,  pinkish  cobred  with  gray  aerial 

mycelium. 
Coagulation:  10-12  days. 
PepUmisaUon:  Begins  soon  after  coagulation  is  complete,  advances  with  a 

fair  speed  and  in  30  days  the  dot  is  all  digested. 
Change  of  reaction:  Fairly  alkaline. 

13.  Glucose  broth,  25%  12  days. 

Growth:  Thick  brown  colored,  wide  ring  on  surface,  chiefly  in  contact  with 

glass. 
Aerial  mycelium:  Abundant,  ash-gray,  cottony. 
Soluble  pigment:  Faint  brown  or  none. 

m.  Biochemical  FKatuxes. 

1.  Nitrite  formation:  Fair,  with  glycerin  as  a  source  of  carbon. 

2.  Proteolytic  action:  Good  on  milk;  very  good  on  gelatin,  but  only  good,  in  the 

presence  of  1  per  cent  starch. 

3.  Change  of  reaction:  Distinctly  alkaline  in  milk  and  gelatin,  both  in  presence  and 

absence  of  starch;  alkaline  glucose  broth  is  often  turned  add. 
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4.  Inversion  of  sugar:  Negative. 

5.  Diasiatic  acHon:  Fair  in  plate,  sacchazogenic  power  much  weaker  than  amsdo- 

lytic 

6.  Growth  on  cdUdose:  None  or  scant 
Hob.    A  very  common  soil  organism  (96). 

AcUnomyces  griseus 

This  organism  was  isolated  numerous  times  from  the  soil. 

Thejterm  A.  griseus  was  used  before  by  Krainsky  (22,  p.  682),  so  that  the 
<kscription  of  the  latter  is  itself  an  emendation.  Although  this  organism 
was  originally  (44)  identified  with  the  organism  described  by  Erainsky,  under 
the  same  name  (from  description  only,  without  any  actual  comparison  of 
cultures),  this  identification  should  be,  therefore,  corrected.  The  culture 
described  here  possesses  a  very  strong  proteolytic  power,  while  Krainsky 
stated  that  his  culture  was  not  strong  proteolytically. 

* 

I.  MOSFHOLOGY. 

1.  Spirals. 

None  on  most  media;  on  certain  others,  such  as  cellulose  agar,  spirals  are 
readily  fonned.  Drechsler  (13)  observed  the  proliferations  of  fertile 
branches  at  moderately  dose  intervals  along  the  axial  hyphae,  but  no  q[>iral8 
were  formed;  he  is  perfectly  right  in  the  first,  but  not  exactly  in  the  second, 
since  few  closed  spirals  were  fonned  by  this  organism  on  certain  media. 

2.  Conidia. 

Synthetic  agar:  Rod-shaped  to  short  cylindrical,  0.8  x  0.8  to  1.2  m  (0.8  x 
0.8-1.5  m). 

il  cultusal  (}hakactesisncs. 

1.  Synthetic  agar. 

Growth:  Thin,  spreading,  developing  deep  into  the  medium,  at  first  colorieas, 
then  turning  olive-buff  (Rdg.  XL,  2'"-d).  This  pigment  may  not  be  pro- 
duced on  successive  transfers. 

Aerial  mycdium:  Thick,  powdeiy  mass  of  a  water-green  color  (Rdg.  XLI, 
25'"-^). 

Soluble  pigment:  None;  reverse  of  growth  brownish  with  age  (24  days). 

2.  Calcium  malate-glycerin  agar. 

Growth:  Growth  thin,  spreading,  penetrating  deep  into  medium;  color  greenish 
yellow  with  dark  shade. 

Aerial  mycelium:  Thin,  covering  all  cobny  except  a  narrow  edge;  color  ap- 
proaching tea-green  (Rdg.  XLVn,  25""-C). 

Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Elevated  somewhat  at  center,  radiating  towards  periphery;  edge 

broken;  cream-colored,  with  shade  of  orange. 
Aerial  mycdium:  Appearing  only  in  dried-up  portion  of  growth  in  a  fine 

powdery  form;  white  colored,  later  turning  cream-cobred. 
SMble  pigment:  None. 
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4.  Nutrient  agar. 

Growth:  Abundant,  cream-colored  to  almost  tran^iaient 

Aerial  mycdium:  Abundant  (4  days);  color  characteristic  (as  oa  No.  1}. 

Soluble  figment:  None. 

5.  Blood  agar,  37^ 

Growth:  Extensive,  greenish,  wrinkled  growth  is  obtained  in  24  hoon 
Aerial  mycelium:  White  with  shade  of  the  characteristic  gioenish  oolor. 
Soluble  pigment:  None,  often  faint  brown. 
Hemolysis:  Excellent,  sone  1  cm.  wide  in  4  days. 

6.  Blood  serum,  37^ 

Growth:  Thin  spreading,  grayish  cobred,  with  i^ossy  suifaoe. 
Aerial  mycdium:  None. 
'  Soluble  pigment:  None. 
Lifu^action:  Rapid,  begins  in  2-3  days. 

7.  Egg-media,  37^ 

Growth:  Spreading,  wrinkled  cream-colored  growth,  with  gwcniih  Umu 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

8.  Starch  plate,  15  days. 

Growth:  Thin,  spreading,  transparent. 
Aerial  mycdium:  Gray. 
EuMymatic  tone:  12-15  mm. 

9.  Potato  plug. 

Growth:  Much  wrinkled,  yellowish. 

Aerial  mycdium:  Powdery,  characteristically  colond  (as  on  Nol  1),  al 

growth. 
Color  of  plug:  Brownish  in  uj^r  portion, 
la  Carrot. 

Growth:  Sulfur-yellow  to  dirty  yellow,  folded,  spreadbig. 
Aerial  mycdium:  Greenish-yellow,  all  over  growth. 
Color  of  plug:  Unchanged. 

11.  Gdatin,  18*". 

Groacth:  Greenish-yellow  or  cream-colored  with  biiwiMili  tiace, 

deep  into  the  substratum. 
Aerial  mycdium:  White-gray,  with  greenish  tinge. 
SdmbU  pigment:  None. 
Liquif action:  Rapid  (3  cm.  in  35  days). 

12.  Sjnthetic  sohitioo. 

Oromtk:  Flakes  throoi^bout  medium. 
AerUi  mrcdium:  None. 

m 

SoleAU  pigment:  None. 

13.  Milk.  57*. 

G^eKik   25'  :  Cream-colored  ring  on  sniiace. 
Citcpii^taim:  Rapid  (2-1  days)  dot  formatiaA. 
I^fKPKi:ji:ip%:  Rapid  ',3-4  days),  clearing  np  aS  the  imL. 
E^ikyri-:  Soeacdmes  the   tube  is  rapidhr  IzydniKaed.   wiihuui 
— »i>rr':Rrir<r   viiScii  is  due  to  the  stxx3Dg  pnttecihrzic  actioB  dt  ilie 
Sito^^  if  reuTiim:  Most  alkaline  (4). 
34    3ijcast  iirriiL.  25*.  12  di^-s. 

^PSLiL  .^rm^uTt  =ias5  over  entire  sozxaoe  <£  fiqad.  s  inUiwiiiii  ookv 


A  cid.  wyr£.iwiti:  Pcwdezv,  ol  the  diaracicnsic 
5*tUaU  v.pmca:  Very  faist  brown  bq^ss  tD 


b 
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15.  Utilization  of  different  carbon  compounds. 

Arabinase 3        Dextrose 4        Lactose 3 

Glycerin 1        Saccharose 1-2        Maltose 4 

Cdkdase Q-l        Mannite 3        Starch 4 

Organic  adds 1-3  (malate). 

This  is  one  of  the  very  few  species  which  use  glycerin  only  to  a  very  limited 
extent. 

16.  Utilization  of  different  nitrogen  compounds. 


Ammonium  carbonate 

Acetamide , 

..      0 
...       1 

Leucin 

...      3 

Casein 

...      5 

Fibrin 

...      4 

Urea 

..      1 

Ammonium  sulfate 1-2 

Sodium  nitrite 1 

Sodium  nitrate 1-2 

GlycocoU 3-4 

Asparagin 3 

Egg-alhumin 4 

Peptone 5 

SiocHEMiCAL  Features. 

1.  Nitrite  formation:  Fair,  in  presence  of  starch,  little  or  none  in  presence  of  saccha- 
rose or  glycerin. 

2.  Proteolytic  action:  The  most  active  organism  in  the  whole  series  on  milk,  gelatin 
and  different  proteins. 

3.  Change  of  reaction:  Distinct  alkalinity  for  all  sources  of  carbon  used,  with 
NaNQs  as  source  of  nitrogen;  strongly  alkaline  in  milk,  glucose  broth  and 
gelatin,  both  in  absence  and  presence  of  starch. 

4.  Inversion  of  sugar:  None. 

5.  Diastatic  action:  Very  good;  1  per  cent  starch  disappears  at  the  end  of  14  days; 
good  on  plate. 

6.  Growth  on  cellulose:  Very  scant  to  fair;  good  growth  on  sterile  soil. 
Hab,    Isolated  from  Texas  loam,  Oregon  and  California  adobe  soils. 

Actinomyces  218 

:ki  organism  closely  related  to  the  culture  previously  described  {A.  griseus), 
producing  a  brown  pigment  on  protein  containing  media  and  not  so 
'ng  proteolytically. 

^'^  3I0XPHOLOGY. 

1.  Spirals. 

None  on  most  media;  often  a  few  short,  open  spirals  are  produced. 

2.  Conidia. 

Oval-shaped,  produced  abundantly. 

^^.  Cultural  Charactekistics. 

1.  Synthetic  agar. 

Growth:  Spreading,  developing  deep  into  the  medium;  cream-colored. 

Aerial  mycelium:  Appears  early  and  covers  all  surface;  powdery,  olive-buff  to 

water-green  color. 
Soluble  pigment:  None. 
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2.  Cskiiim  inalate-giycerin  agar. 

Growth:  Thin,  spreading,  cream-colored,  penetndiig  to  some  extent  into 

medium;  edge  erose. 
Aerial  mycelium:  Thin,  netted  layer  all  over  growth,  smfaoe  netted;  of  a 

water^reen  color  (Rdg.  XLI,  25'"-<i). 
SoiMe  pigmaU:  None. 

3.  Qucoaeagar. 

,       Grewtk  Restricted,  limited  to  sur&ce,  edge  entire;  yeUofwish-faiown. 

Aerial  myuiimm:  In  patches  all  over  growth;  pale  olive4Niff  (Rdg.  XL»  21'''-!); 

covering  all  suiface  in  30  days. 
SeltAlt  pigmemt:  None 

4.  Nutrient  agar. 

Growik:  Glistening,  cream-colored  at  first,  later  (24  days)  hfirnniing  bfown. 
Aerial  mycdimit:  Abundant,  white,  all  over  soxface. 
Setmble  pigment:  Brown. 

5.  Blood  serum,  SV,  15  days. 

Gremtk:  Glosay,  devated,  gray  colonies. 
Aerial  mycelimm:  Abundant,  cream-colored,  often  in  tnfts. 
SalmbU  pigment:  Spreading,  brown,  hemming  daik  widi  age. 
Uqm^aOiam:  Slow,  begins  in  25  days. 

6.  Egg-media,  3r,  15  days. 

GremA:  Abundant,  oeam-oobred,  spreading,  with  bnwnish  tinge. 
Aerial  mycelimm:  Abundant,  characteristically  (olive  buff)  colored. 
SeUMe  pigment:  Spreai£ng  purple. 

7.  Stardi  plate,  25*,  12  days. 

Gtemik:  Spreading,  cream-colored,  with  ydkwish  tinge. 
Aerial  mycelimm:  Wlute  powder  all  over  surface  ol  growth. 
EtaymaHc  Mona:  l(ht2  mm.  wide. 
&  Potato  phig. 

Oremik:  Brownish 

Aerial  mycelimm:  White,  turning  olt^e-buff. 

Celar  of  plmg:  Unchanged  at  first,  later  (20  days)  turning  £aindy  brown, 
la  Canot,  2S\  U  days. 

Gremik:  At  fiist  (7  days)  \rry  scant,  later  it  develops  into  a  spreading  gray 

growth,  with  an  entire  edge  and  smooth  suxfaoe. 
Aerial  mycdimmu  White  with  shade  of  tea-green. 
Celar  ef  plmg:  Unchanged. 

11.  Gelatin.  IS*,  30  da>^ 

GrwKtk:  Deep  growing.  cteam-coloRd  turning  brown,  sprea&ig;  abundant. 
Aerial  weycdimmt:  White  in  upper  portioQ  of  growth. 
5«i*M€  pigment:  Deep  brown,  spreading  through  Kqoefied  portion. 
UfmefMiiam:  Sow  in  abscnoe  of  caubofaydnte;  in  presence  ol  stardi  mcMe 
rapid  (U  cm.  in  35  days). 

12.  Smtbetic  sohitku.  15  davs. 

Gremtk:  Scint.  white  suziaoe  prilirir. 
Ana!  OTwWnoB:  None. 


13.  Milk.  3r, 

&emek  (2S*^ :  Brownish  ring  on  surface;  soluble  browiniah 


ffwMrm:  Rapid  in  10-12  days. 
Cikaia^  ef  rttaaim:  Fjdxh*  atVaKne  v2^. 
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15.  Ghicose  bxoth,  25^  12  days. 

Grcwih:  Wide,  yellowiah  ring  on  surface  in  contact  with  ^as8»  flaky  mass  on 

bottom. 
Atrial  mycdium:  Characteristic  jreUowish,  on  surface  of  upper  portion  of 

growth. 
SoMfU  ^gment:  Faint  brown. 

QL  Biochemical  Features. 

1.  Niiriie  formoHon:  Fair,  with  most  sources  of  carbon. 

2.  ProUdyiic  action:  Very  good  on  gelatin,  both  in  presence  and  absence  of  starch- 

3.  Change  of  reacHon:  Distinctly  alkaline  in  add  gelatin  both  in  presence  and 

absence  of  starch,  from  Pb  6.2  to  Pb  8.0  and  8.2. 

4.  Inversion  of  sugar:  None. 

5.  Diastaiic  action:  Good  on  plate. 

6.  Growth  on  cellulose:  Fair  to  good. 

Hob.    Isolated  from  sewage  of  trickling  filter  (Plainfield,  N.  J.). 

Actinomyces  halstedii  Waksman  and  Curtis 

L  MOKFHOLOGY. 

1.  Spirals. 

Synthetic  agar:  Closed  spirals  bom  as  branches  of  the  h3rphae,  7  to  10  a<  in 
diameter.  When  the  organism  looses,  on  continued  cultivation,  its  ability 
to  produce  the  typical  aerial  mycelium,  no  spirals  are  found  in  micro- 
scopic studies. 

2.  Conidia. 

Synthetic  agar:  Oval  to  rod-shaped,  1.0  to  1.2  z  1.2  to  1.8  /i. 

n.  Cultural  Characferistics. 

1.  Synthetic  agar. 

Growth:  Abundant,  heavy,  spreading,  penetrating  into  the  medium;  surface 
smooth,  much  raised;  color  at  first  light,  turning  to  dark  and  almost  black. 

Aerial  mycdium:  White,  turning  gull-gray  (Rdg.  LIII,  C.  G.)  on  successive 
transfers,  the  culture  looses  the  property  of  producing  aerial  mycelium. 

Soluble  ^gment:  None;  white  milky  crust  on  agar  around  growth. 

2.  Calcium  malate-glycerin  agar. 

Growth:  Thin,  spreading  growth  penetrating  deep  into  medium;  edge  entire 

glossy;  color  dark  with  transparent  margin. 
Aerial  mycelium:  Thin,  covering  only  center  of  growth,  leaving  wide  bare 

margin;  aerial  mycelium  deep  mouse  gray  (Rdg.  15""M). 
Soluble  ^gment:  None. 

3.  Glucose  agar. 

Growth:  Spreading,  extensive,  lidmoid;  center  much  elevated,  edge  wrinkled; 

colorless  at  first,  with  brown  center,  later  becoming  aU  dark  brown. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Restricted,  wrinkled,  cream-colored. 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 
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5.  Blood  serum,  37^.    No  growth. 

6.  Egg-media,  37^    No  growth,  or  restricted,  round  cream-colored  patches. 

7.  Starch  plate. 

Growth:  Abundant,  brownish  colored,  surface  glossy. 

Aerial  mycelium:  None. 

Ensymatic  sane:  Very  broad  (20  mm.  and  more). 

8.  Potato  plug. 

Growth:  Abundant,  wrinkled  with  moist  surface,  cream-colored  with  g;reen 

tinge. 
Aerial  mycelium:  White  at  first,  later  property  lost 
Color  of  plug:  At  first  turned  black;  on  continued  cultivation  property  lost, 

plug  remaining  unchanged. 

9.  Carrot,  25%  22  days. 

Growth:  Abundant,  spreading,  raised,  surface  smooth,  moist;  color  at  fint 

gray,  later  turning  greenish  to  dark  green. 
Aerial  mycelium:  None. 
Cohr  of  plug:  Unchanged. 

10.  Gelatin,  IS^'C. 

Growth:  Small,  cream-colored  round  masses,  dropping  to  bottom  of  liquefied 

portion. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
Liquefaction:  Ri^id  (2-3  cm.  in  35  days). 

11.  Synthetic  solution. 

Growth:  Small  colonies  through  medium. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

When  glycerin  is  substituted  for  saccharose,  there  is  formed  an  abundant 
flaky  growth  on  bottom  of  tube. 

12.  Milk,  37*. 

Growth:  Cream-colored  surface  ring  accompanied  by  rapid  hydrolysis  at  25*. 
Coagulation:  10  days. 

Peptonization:  Slow,  begins  in  10  days,  not  completed  in  50  days. 
Change  of  reaction:  Fairly  alkaline  (2). 

13.  Glucose  broth,  25%  12  days. 

Growth:  Small,  round,  colorless  colonies  on  bottom  of  tube. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

in.  Biochemical  Features. 

1.  Nitrite  formation:  Good  with  starch  as  source  of  carbon,  not  with  sacchaiose  or 

glycerin. 

2.  Proteolytic  action:  Scant  on  milk,  fair  on  gelatin  and  glucose  broth. 

3.  Change  of  reaction:  Fair  alkalinity  in  milk;  unchanged  or  slightly  add  Gn  presence 

of  1  per  cent  starch)  in  acid  gelatin;  faintly  acid  in  alkaline  glucose  broth. 

4.  Inversion  of  sugar:  Positive. 

5.  Diastolic  action:  Excellent;  1  per  cent  starch  in  solution  disappeared  in  7  days; 

zone  on  plate  very  good  (4). 

6.  Growth  on  cellulose:  None. 

Hab,    New  Jersey  garden,  orchard  and  meadow  subsoils. 
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Actinomyces  hominis  Bostroem  (4) 

I.   MOSPHOLOGY. 

1.  Spirals. 

None  on  the  media  studied;  aerial  mycelium  consists  only  of  straight  branching 
hyphae;  a  few  deztrorose  spirab  are  observed  when  the  saccharose  of  the 
medium  is  replaced  by  glycerin. 

n.  Cultural  Chakacteristics. 

1.  Synthetic  agar,  25%  15  days. 

Growth:  Thin,  spreading  deep  into  the  medium;  color  white  with  shade  of 
yellow;  when  culture  gets  older  (24  days),  the  drying  up  portions  turn  brown. 
Aerial  mycelium:  Appears  late  (15  days);  white  with  olive  tinge. 
Soluble  pigment:  None. 

2.  Caldum  malate-glycerin  agar. 

Growth:  Spreeading,  yellowish,  chiefly  on  surface  of  medium. 
Aerial  mycelium:  Gray,  with  olive-green  tinge,  aU  over  growth. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Yellowish,  spreading,  chiefly  on  surface  of  medium;  surface  of  growth 

is  a  fine  net-work. 
Aerial  mycelium:  None  in  15  days,  later  thin,  white  in  patches. 
Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Yellowish. 
Aerial  mycdium:  White. 
Soluble  pigment:  None. 

5.  Blood  agar,  37% 

Growth:  Good,  rapid  growth  develops  in  24  hours. 

Aerial  mycelium:  None. 

Soluble  pigment:  None. 

Hemolysis:  Distinct  in  4  days,  3-4  mm.  zone  in  15  days. 

6.  Blood  serum,  37^ 

Growth:  Spreading,  transparent,  glossy  growth. 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 
Liquefaction:  Rapid  (4-8  days). 

7.  Egg-media,  37^ 

Growth:  Spreading,  much  wrinkled,  yellowish. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

8.  Starch  plate,  25%  15  days. 

Growth:  Thin,  spreading,  transparent 

Aerial  mycelium:  None. 

Entymatic  zone:  Good,  12-16  mm.  wide. 

9.  Potato  plug. 

Growth:  Abundant,  wrinkled,  yellowish  to  orange  (4  days),  later  becoming 

brown  (8  days). 
Cohr  of  plugs:  Unchanged  at  first,  later  (17  days)  turning  brown. 
Aerial  mycdium:  White  patches  (4  days),  later  thin  white  aU  over  growth  (8 

days). 
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10.  CaiTot,  25^  22  days. 

Growth:  At  first  (7  days),  restricted,  tawny-olive  (Rdg.  XXDC,  17'M)  later 

spreading,  abundant,  wrinkled. 
Aerial  mycdium:  White,  with  olive-green  shade. 
Color  of  plug:  Unchanged. 

11.  Gelatin,  18"*,  50  days. 

Growth:  Abundant,  cream-colored,  ^reading,  chiefly  on  sur&ce,  with  some 

flakes  on  bottom  of  liquefied  portion. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
Liquefaction:  Rapid  in  the  absence  of  starch,  very  slow  in  the  pxeaenoe  of 

starch. 

12.  Synthetic  solution. 

Growth:  None.    When  glycerin  is  substituted  for  saodiaxose  there  is  formed  a 
heavy  yellowish  pellicle  on  surface  of  liquid,  with  a  white  aerial  mjrcelium. 

13.  Milk,  37*. 

Growth  (25^ :  Abundant,  cream-colored  surface  growth. 

Coagulation:  5-6  days;  much  slower  at  25^ 

PeptonisaUon:  Begins  in  5-6  days,  proceeds  rapidly  and  is  completed  in  20  days. 

Change  of  reaction:  Distinctly  alkaline  (3). 

14.  Glucose  broth,  25"*,  12  days. 

Growth:  V^e,  thick,  orange-colored  ring  on  surface,  in  contact  with  ^ss  of 

tube. 
Aerial  mycdium:  Yellowish,  thin  on  upper  portion  of  ring. 
Soluble  pigment:  None. 

nL  Biochemical  Features. 

1.  NUrite  formation:  Variable,  depending  on  the  source  of  carbon;  good  to  very 

good  with  lactose,  glycerin  and  maltose;  none  with  saodiaxose  and  celhilose 
and  faint  with  salts  of  organic  adds. 

2.  Proteolytic  action:  Very  good  on  milk  and  gelatin,  much  less  on  the  latter  in  pres- 

ence of  starch;  good  on  glucose  broth. 

3.  Change  of  reaction:  Strongly  alkaline,  with  NaNOt  as  a  source  of  nitrogen  and 

with  different  carbohydrates  as  sources  of  carbon,  particulariy  is  that  noticed 
in  the  case  of  maltose,  where  the  Ph  increased  by  1.4  in  15  days.  Distinctly 
alkaline  in  add  gelatin  and  milk,  very  add  in  alkaline  glucose  broth. 

4.  Inversion  of  sugar:  Negative. 

5.  Diastolic  action:  Good  on.  plate. 

6.  Growth  on  cellulose:  A  good  growth  was  obtained  on  sterile  soil,  very  scant  growth 

on  filter  paper. 
Hob,    Recdved  from  Dr.  K.  F.  Meyer;  recdved  from  Foulerton,  ^o  isolated  it 
from  abscess  of  palm  of  hand  in  1911. 

Actinomyces  lavendtilae  Waksman  and  Curtis 

I.  MOKFHOLOGY. 

The  aerial  mycelium  is  very  coarse,  branching. 

1.  Spirals. 

Synthetic  agar:  Close  ^nrals,  5  to  8m  in  diameter,  coiled  up  to  form  fists. 
Dextrose  agar:  Spirals  formed  readily  on  this  as  well  as  on  other  media;  spirals 
and  straight  branches  break  up  readily  into  spores. 

2.  Conidia. 

Synthetic  agar:  Abundant,  oval,  1.0  to  1.2  x  1.6  to  2.0/1. 
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^  OuLIlTXAL  CHAKACIXSISnCS. 

1.  Synthetic  agar. 

Growth:  Thin,  spreading,  colorless,  developing  deep  into  the  medium. 

Aerial  mycdium:  Cottony  in  spots,  at  first  white,  later  turning  deep  vinaceous- 

lavender  (Rdg.  XLIV,  65'"-d);  on  successive  transfer,  the  aerial  mycelium 

may  not  be  produced  at  aU  or  remains  white. 
ScMHe  pigment:  None. 

2.  Caldum  malate-glycerin  agar. 

Growth:  Minute  cream-colored  colonies  on  surface. 

Aerial  mycelium:  None  in  15  days;  in  25  days  lavender  colored  white  patches 

appeu  aU  over  surface. 
SdMe  pigment:  None. 

3.  Glucose  agar. 

Growth:  Thick,  yellowish,  spreading  growth,  penetrating  to  some  extent  into 
the  medium,  edge  myceloid. 
^      Aerial  mycelium:  Thick,  cottony,  aU  over  surface,  white  with  lavender  tinge. 
Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Wrinkled,  gray. 
Aerial  mycdium:  None. 
Soluble  pigment:  Brown. 

5.  Blood  serum,  37^ 

Growih:  Small,  gray  colonies. 
Aerial  mycdium:  None. 
Soluble  pigment:  Brown,  spreading. 
Liqu^action:  None. 

6.  Egg-media,  37^. 

Growth:  A  fine  cream-colored  net-work  on  surface  of  medium. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

7.  Starch  plate,  25^,  15  da3rs. 

Growth:  Non-spreading,  glistening,   transparent,   developing  deep  into   the 

medium. 
Aerial  mycelium:  Lavender  colored. 
EnwymaHc  zone:  Good  (3). 

8.  Potato  plug. 

Growth:  Thin,  wrinkled  smear,  cream-colbred  to  yellowish. 
Aerial  mycdium:  None. 

Cc^  of  plug:  Turns  black;  on  continued  cultivation  property  of  coloring  plug 
may  be  nearly  lost 

9.  Carrot. 

Growth:  Abundant,  raised,  wrinkled,  spreading,  brownish  colored. 

Aerial  mycdium:  Powdery  over  most  of  surface  of  growth;  white,  with  faint 

shade  of  lavender. 
Color  of  plug:  Unchanged. 
10.  Gelatin,  18^ 

Growth:  Creamy  to  brownish,  restricted  on  surface,  with  granule-like  growth  on 

bottom  of  liquefied  portion. 
Aerial  mycdium:  None  to  small  white  patches  in  contact  with  wall  of  tube. 
Soluble  pigment:  Brown  or  none  at  alL 
Ldquefaction:  Slow. 


132  SELMAN  A.  WAKSMAN 

11.  Synthetic  solution. 

Growth:  Small,  colorless,  radiating  colonies  attached  to  glass;  mass  of  floatii 

colonies  on  surface. 
Aerial  mycelium:  Characteristic  lavender;  property  lost  on  transfer. 
Soluble  pigmefU:  None. 

12.  Milk,  37^    Soluble  brown  pigment. 

Growth  (25^):  Cream-colored  ring. 

Coagulation:  None. 

Hydrolysis:  20-30  days;  at  25**  hydrolysis  proceeds  more  rapidly  (4-5  dayi) 

proceeding  from  surface  downwards. 
Change  of  reaction:  Strongly  alkaline  (4). 

13.  Glucose  broth,  25^  12  days. 

Growth:  Abundant,  flaky  mass  on  bottom  of  tube. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

in.  Biochemical  Features. 

1.  Nitrite  formation:  Positive,  with  starch  as  source  of  carbon,  negative  with  sac- 

charose and  glycerin. 

2.  Proteolytic  action:  Fair  on  milk,  faint  to  fair  on  gelatin. 

3.  Change  of  reaction:  Add  on  gelatin,  both  in  presence  and  absence  of  starch,  from 

Pb  6.2  to  Ph  5.6  and  5.8;  alkaline  in  milk. 

4.  Inversion  of  sugar:  Positive,  often  a  negative  reaction  is  obtained. 

5.  Diastolic  action:  Very  good;  starch  disappeared  in  14  days  in  a  1  per  cent  starch 

solution;  very  good  on  plate,  enzymatic  zone  12-15  mm.  in  15  days. 

6.  Growth  on  cellulose:  Scant  although  definite. 

Hab.    Isolated  from  New  Jersey  orchard,  California  and  Oregon  ix^te  land;  also 
isolated  by  Drechsler  (13). 

Actinomyces  lipmanii  Waksman  and  Curtis 

This  organism,  or  rather  group,  is  closely  related  to  the  A.  diaskUicus  of  the 
writer  and  that  described  by  Krainsky,  and  A,  rutgersensiSy  particularly  in  some 
cultural  and  biochemical  characters  (strong  diastatic  action) ;  but  it  differs  from 
the  other  two  organisms  in  morphology  and  certain  cultural  characters,  as  can 
be  readily  seen  from  the  following  description. 

L  Morphology. 

1.  Spirab. 

Synthetic  agar:  None  on  the  media  studied;  hyphae  straight,  branching,  showing 
in  places  some  curvature. 

2.  Conidia. 

Synthetic  agar:  0.8  to  1.1  z  1.0  to  1.5  m- 

I     Cultural  Characteristics. 

1.  Synthetic  agar. 

Growth:  Abundant,  much  raised,  at  first  colorless,  wrinkled,  later  becoming 

light  brown. 
Aerial  mycdium:  White,  turning  gray  (Rdg.  LIII,  6)  with  white  margiii  and 

white  patches. 
Soluble  pigment:  None. 
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2.  Caldum  malate-gl3rcerin  agar,  25%  12  days. 

Growih:  Small,  hyaline  at  first,  later  becoming  dark,  spreading  as  a  very  thin 
layer  on  surface  and  to  a  limited  extent  into  the  medium. 

Aerial  mycelium:  Appears  early,  covering  all  the  growth;  mouse-gray,  with  wide 
white  margin. 

Soluble  pigment:  None. 

3.  Glucose  agar. 

Growih:  Light  yellow,  irregular,  spreading  growth,  developing  deep  into  the 

medium. 
Aerial  mycelium:  None  in  20  days. 
Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Yellowish,  glossy,  radially  wrinkled. 
Aerial mycdium:  None. 

Soluble  pigment:  None;  when  glycerin  is  present  a  characteristic  green  color  is 
produced. 

5.  Blood  agar,  37^ 

Growth:  Much  folded,  abundant,  of  a  characteristic  dirty  gray  color,  with 

shade  of  green. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
Hemolysis:  None. 

6.  Blood  serum,  37^ 

Growth:  Cream-colored  to  almost  transparent,  thin,  spreading. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
Liquefaction:  Medium  (12-15  dajrs) . 

7.  Starch  plate,  25%  15  days. 

Growth:  Transparent  at  first,  later  becoming  dark. 

Aerial  mycelium:  None. 

Engymatic  sane:  Good  to  very  good  (3). 

8.  Potato  plug. 

Growih:  Abundant,  wrinkled  growth,  cream-colored. 

Aerial  mycelium:  White  patches  at  first  (4  days),  later  becoming  gray  and  cov- 
ering all  surface. 
Color  of  plug:  Purplish. 

9.  Carrot,  25%  22  days. 

Growth:  Abundant,  spreading,  folded,  of  a  dirty-gray  color. 
Aerial  mycelium:  At  first  scant,  later  ash-gray  covering  all  surface. 
Color  of  plug:  Unchanged. 

10.  Gelatin. 

Growih:  Cream-colored  flaky  growth  falling  to  bottom  of  liquefied  portion. 
Aerial  mycdium:  White-gray. 
Soluble  pigment:  None. 
Liquefaction:  Rapid  to  medium. 

11.  Synthetic  solution. 

Growth:  Flakes  throughout  medium,  settling  to  bottom  of  tube. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
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12.  Milk,  37«. 

Growth  (25^) :  Cream-colored  ring  on  surface. 

CoagulaHon:  8-9  days;  the  dot  is  often  at  (25^)  nothing  more  than  a  tliirlg^wfaig 

of  the  milk. 
Peptonitatian:  Begins  soon  after  aU  the  milk  is  coagulated,  proceeds  with  a 

fair  speed  and  is  completed  in  20-50  days. 
Change  of  reaction:  Fairly  alkaline  (2). 

13.  Glucose  broth,  25^  12  days. 

Growth:  White  ring  on  surface;  abundant  colorless  flaky  mass  on  botUm  of 

tube. 
Aerial  mycelium:  None. 
Soluble  fngment:  None. 

14.  Utilization  of  different  carbon  compounds. 

Arabinose 0       Dextrose 3       Lactase 3 

Glycerin 3       Saccharose 3       Starch 3 

Cellulose 0       ManniU 3 

Addition  of  glycerin  to  organic  or  inorganic  solid  media  results  m  the  produc- 
tion of  a  distinctly  characteristic,  abundant  green-colored  growth. 

m.  Biochemical  Features. 

1.  Nitrite  formation:  Good,  produced  with  different  sources  of  carbon. 

2.  Proteolytic  action:  Good  in  milk  and  on  gelatin. 

3.  Change  of  reaction:  Increase  in  alkalinity  with  different  sources  of  carbon  and 

NaNOs  as  a  source  of  nitrogen. 

4.  Inversion  of  sugar:  Positive. 

5.  Diastatic  action:  Very  good;  all  starch  used  up  in  14  days  in  1  per  cent  starch 

solution;  very  good  on  plate,  zone  12-15  mm.  wide  in  15  days. 

6.  Growth  on  cellulose:  None,  or  very  scant. 

Hob.  This  is  one  of  the  most  common  groups  of  soil  actinomycetes.  Isolated  from 
the  New  Jersey  garden  and  orchard,  Iowa,  Louisiana,  California,  North 
Dakota,  Hawaiian,  Alaska,  Texas  and  Oregon  adobe  soils. 

Actinomyces  168 

L  Morphology. 

1.  Spirals. 

Numerous,  closed  or  open,  broad  spirals  on  all  media. 

2.  Conidia. 

Oval  shaped  to  elliptical. 

II.    Cultural  Characteristics. 

1.  Synthetic  agar. 

Growth:  Spreading  deep  into  the  medium,  light  sulfur  yellow,  later  turning 
cadmium  yellow  (Rdg.  Ill,  17);  on  repeated  transfers  for  3  years,  yellow  color 
is  lost,  color  of  growth  is  nearly  white. 

Aerial  mycelium:  Appears  early  (2-3  days),  thin,  white,  with  ash-gray  patches. 

Soluble  pigment:  Empire  yellow  (Rdg.  IV,  21);  property  lost  in  2  years. 

2.  Calcium  malate-gljrcerin  agar. 

Growth:  Colorless,  later  becoming  cream-colored,  penetrating  deep  into  the 

medium;  surface  growth  limited  to  aerial  mycelium;  edge  myceloid. 
Aerial  mycelium:  Thin  layer  all  over  gro^^iJi;  mouse-gray  with  white  margin. 
Soluble  pigment:  None. 
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3.  Ghicoseagar. 

Growth:  Restricted,  both  on  surface  and  into  the  medium,  surface  much  folded, 

raised. 
Aerial  mycelium:  Thin,  powdery,  white  layer  over  upper  portion  of  slant  (in 

tube) ;  in  30  days  it  covers  all  growth,  pale  gray  color  with  white  margin. 
Soluble  ^gment:  Yellowish  green. 

4.  Nutrient  agar. 

Growth:  Glistening,  wrinkled,  white. 

Aerial  mycelium:  Abundant,  white  all  over  growth. 

Soluble  pigment:  None. 

5.  Blood  agar,  37  ^ 

Growth:  Brownish. 
Aerial  mcyelium:  White. 
Soluble  pigment:  None. 
Hemolysis:  Narrow  zone. 
O^  Blood  serum. 

Growth:  Thin,  brownish  smear  in  4  days;  often  growth  is  restricted,  compact, 

orange-colored. 
Aerial  mycelium:  None  at  first,  later  (15  days)  white  over  edge  of  growth. 
Soluble  pigment:  None. 
Liquefaction:  Slow,  b^;ins  in  15  days. 
7.    Egg-media,  25^ 

Growth:  Thin,  spreading  brownish  growth,  radially  wrinkled  (6  dajrs)  remaining 

unchanged. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
8.  Potato  plug. 

Growth:  Abundant,  wrinkled,  cream-colored  in  7  days. 

Aerial  mycelium:  White,  all  over  growth  (4  days),  later  (30  dajrs)  becoming 

powdery. 
Color  of  plug:  Unchanged  at  first,  later  (30  days)  turning  faint  brown. 
:iO.  Starch  plate. 

Growth:  White  spreading. 
Aerial  mycelium:  Light  gray. 

Enzymatic  zone:  Broad  (15-18  mm.  wide),  not  all  the  starch  is  perfectly  cleared. 
11,  Gelatin,  18*,  30  days. 

Growth:  Abimdant,  yellowish,  spreading  pellicle. 

Aerial  mycelium:  Abundant,  white. 

Soluble  pigment:  Coloration  of  gelatin  golden  to  faint  brown. 

Liquefaction:  Rapid  (3  cm.  in  35  dajrs,  in  presence  of  starch,  li-2  cm.  in 

absence  of  starch)  to  medium. 
12.  Synthetic  solution. 

Growth:  Heavy  yellowish  pellicle  on  surface. 
Aerial  mycelium:  White,  with  gray  tinge. 
Soluble  pigment:  Yellow  to  deep  yellow. 
13.  Milk,  37*. 

Growth  (25^) :  Sulfur-yellow  surface  ring,  with  yellow  soluble  pigment 

Coagulation:  5-8  days. 

Peptonization:  Begins  in  6-8  days,  advances  rapidly  and  is  completed  in  about 

20  days. 
Hydrolysis:  May  take  place  in  certain  cultures  in  place  of  coagulation. 
Change  of  reaction:  Faintly  alkaline  (1). 

lOaKlSNCE,  VOL.  TXn,  NO.  2 


136  SELMAN  A.  WAKSMAN 

14.  Glucose  broth,  25"*,  12  days. 

Growth:  Thin,  yellow  pellicle,  the  part  immersed  in  the  liquid  having  spongy 

appearance. 
Aerial  mycelium:  Thin,  white. 
Soluble  pigment:  Golden. 

15.  Effect  of  different  carbon  compounds. 

Arabinose 0       Dkxtrose 5        Lactose 3-4 

Saccharose 2       Maltose 4       CeUuiose 1-3 

Mannite 5       Starch 3       Orgamcadds 1-3 

in.  Biochemical  Features. 

1.  Nitrite  formation:  Excellent,  with  different  sources  of  carbon. 

2.  Proteolytic  action:  Fair  in  milk;  fair  to  good  on  gelatin,  both  in  presence  and 

absence  of  starch. 

3.  Change  of  reaction:  NoneorlittlechangewithsmaUamountof  growth;  with  heavy 

growth,  reaction  becomes  distinctly  alkaline  with  NaNOt  as  source  of  nitrogen 
and  different  sources  of  carbon;  strongly  alkaline  in  add  gelatin,  both  in  pres- 
ence and  absence  of  starch  (Pb  changed  from  6.2  to  8.0);  famtly  alkaline  im 
alkaline  glucose  broth  and  milk. 

4.  Inversion  of  sugar:  None. 

5.  Diastatic  action:  Excellent,  aU  starch  disappeared  in  a  1  per  cent  solution  in  14 

days;  good  on  plate. 

6.  Growth  on  cellulose:,  Scant  to  fair  with  all  methods  studied. 
Hab,    California  fertilized  soil  (168). 

Actinomyces  madurae  O^cent  (39) )  Lehmann  and  Newmann 

I.  Morphology. 

1.  Spirals. 

Usually  none  on  most  of  the  media  studied;  only  straight,  branching  hyphae 
are  obtained;  often  a  few  open  or  closed  spirals  are  found. 

n.  Cultural  Characteristics. 

1.  Synthetic  agar. 

Growth:  Cream-colored,  spreading,  chiefly  below  the  surface  of  the  medium. 
Aerial  mycelium:  Thin,  powdeiy,  white,  q)pearing  early  (4  days). 
Sciubk  pigment:  None. 

2.  Caldum  inalate-gl3rcerin  agar. 

Growth:  Spreading,  cream-colored,  developing  deep  into  the  medium. 
Aerial  mycelium:  Gray,  all  over  growth. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Thin,  glistening,  pinkish,  spreading  on  surface  and  into  the  medium. 
Aerial  mycelium:  None  in  15  days,  later  white  powdery  zone  over  margin  ol 

growth. 
Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Abundant,  cream-colored,  spreading  growth. 
Aerial  mycelium:  White,  appears  late  (15-20  days). 
Soluble  pigment:  None. 
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5.  Blood  agar,  37*,  15  days. 

Grcwik:  DariL  bxown,  q>ieadi]ig,  n^ud  growth,  obtained  in  2  days. 

Aerial  mycdkim:  None. 

SdUMe  pigmeiU:  None. 

Hemolysis:  Sharply  defined,  transparent  zone  2-4  mm.  in  width. 

6.  Blood  sermn,  37^ 

Grewtk:  Glossy,  romid,  jrellowiah  colonies  obtained  in  4  days. 

Aerial  mycdium:  Thin,  white  in  4  days. 

SdiMe  pigmenl:  None. 

Li^uef action:  Rapid  (4^  days). 

7.  Egg-media,  37*,  15  days. 

Growth:  Thin,  spreading,  wrinkled  yellowish  growth. 
Aerial  mycdium:  Thin  white  patches. 
ScMHe  pigmenl:  None. 

8.  Starch  plate,  25^,  15  days. 

Growth:  Thin,  spreading  tran^Murent 

Aerial  mycdium:  None. 

Eiuymatic  tone:  Very  good,  12-16  mm.  wide. 

9.  Potato  plug,  25"*. 

Growth:  Abundant,  wrinkled,  sinking  into  the  plug,  yellow  colored. 

Aerial  mycelium:  None  at  first,  later  (15  days)  white  to  gray  aU  over  growth. 

Color  of  plug:  Unchanged  at  first,  later  (17  days)  turning  faint  brown. 

10.  Carrot,  25^  22  days. 

Growth:  Scant,  transparent,  yellowish,  later  spreading. 
Aerial  mycelium:  None  or  white-grayish  patches. 
Color  of  plug:  Unchanged. 

11.  Gelatin,  18^  50  days. 

Growth:  At  first  cream-cok>red,  turning  to  greenish  flaky  masses,  dropping  to 

bottom  of  liquefied  portion;  brownish  in  exposed  portion. 
Aerial  mycelium:  Scant  white  patches. 
Soluble  pigment:  None. 
Liquefaction:  Rapid  (2-3  cm.  depth  of  liquefied  gelatin  in  tube  in  35  days). 

12.  Synthetic  solution. 

Growth:  None.    When  glycerin  is  substituted  for  saccharose,  a  few  colorkst 
flakes  are  formed  on  bottom  of  tube. 

13.  Milk,  37*. 

Growth  (25^) :  Cream-colored  ring;  action  on  milk  proteins  slow  at  25*. 
Coagulation:  3-4  days  at  37*,  while  at  25*  only  thickening  is  observed  followed 

by  slow  digestion. 
Peptonization:  Begins  in  3-4  days,  proceeds  rapidly  and  is  all  completed  in 

10-30  days.    Rapidity  of  coagulation  and  peptonization  is  very  variable, 

depending  on  mother  culture,  amount  of  inoculum,  etc. 
Change  of  reaction:  Faintly  (1)  to  distinctly  (3)  alkaline. 

14.  Ghicose  broth,  25*,  12  days. 

Growth:  Abundant,  flaky,  colorless  colonies  on  bottom  of  tube. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

15.  Utilization  of  different  carbon  compounds. 

Dextrose 2       Glycerin 1        Saccharose 1 

Cdluhse 0       Orgamc  acids 1-2 

(lactate) 


M 


138  SELMAN  A.   WAKSMAN 

ni.  Biochemical  Featubes 

An  organism  under  this  name  received  from  Kril,  was  described  by  Foulerton  and 
Price  (see  16)  as  weakly  proteolytic  and  with  no  diastatic  action.  The  organism 
studied  here  proved  to  be  very  strongly  proteolytic  and  possessing  good  diastatic 
properties. 

1.  Nitrite  formation:  Very  limited,  none  (lactate)  to  fair  with  other  sources  of  carbon. 

2.  Proteolytic  action:  Excellent  on  milk,  peptone  and  gelatin  (less  in  presence  of 

starch). 

3.  Change  of  reaction:  Fairly  alkaline  with  NaNOt  as  the  only  source  of  nitrogen 

and  different  sources  of  carbon;  distinctly  alkaline  in  add  gelatin,  in  absence  of 
available  carbohydrates  (only  faintly  alkaline  in  presence  of  starch);  faintly 
alkaline  in  alkaline  glucose  broth  and  milk. 

4.  Inversion  of  sugar:  Negative. 

5.  Diastatic  action:  Very  good  on  plate. 

6.  Growth  on  cdltdose:  Scant. 

Hob.  The  culture  was  received  from  Dr.  K.  F.  Meyer  of  the  Hooper  Foundation,  San 
Francisco,  Cal.,  who  had  it  from  the  American  Museum  of  Natural  History, 
received  from  Parke  Davis  Co.,  Feb.,  1911,  (No.  05);  received  by  them  in  May, 
1902,  from  Kril;  also  received  by  the  writer,  from  Parice  Davis  Co.  (No.  01156). 
The  description  given  above  was  based  on  the  first  culture;  the  second 
strain  made  a  weaker  growth  on  synthetic  media. 

Actinomyces  pheockromogenus  Conn  1917,  p.  16 

This  organism  has  been  isolated  by  the  writer  and  Curtis  from  the  soil,  and 
has  been  also  isolated  and  described  by  Conn  (10). 

I.  Morphology. 

1.  Spirals. 

Dextrose  agar:  Many  spirals  of  the  narrower  type,  open,  elongated;  the  ^irals 
are  sinistrorose. 

II.  Cultural  Characteristics. 

1.  Synthetic  agar. 

Growth:  The  growth  is  developing  deep  into  the  medium,  is  at  first  colorless, 

later  becoming  brown  to  almost  black. 
Aerial  mycdium:  Abundant,  all  over  growth,  white  colored,  with  brownish 

shade. 
Soluble  pigment:  Black. 

2.  Calcium  malate-glycerin  agar. 

Growth:  Thin,  spreading,  penetrating  to  some  extent  into  the  medium;  edge 

erose;  color  yellowish  with  brown  tinge. 
Aerial  mycdium:  Thin,  white,  cottony,  covering  central  portion  of  surface, 

leaving  rather  wide,  bare  margin. 
Soluble  pigment:  Brown  to  dark  brown. 

3.  Glucose  agar. 

Growth:  Restricted,  much  folded,  growing  deep  into  medium;  color  brown  to 

dark  brown. 
Aerial  mycelium:  White,  covering  only  portions  of  surface,  later  ^ueading  over 

all  surface;  in  35  days,  dark  color  of  growth  makes  it  look  quite  dark. 
Soluble  pigment:  Brown. 
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4.  Nutrient  agar. 

Growth:  Thin,  cream-coloied,  turning  gray. 
Aerial  mycelium:  None. 
Soluble  pigment:  Deep  brown. 

5 .  Blood  agar,  15  days,  37®C. 

Growth:  Brown. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
Hemolysis:  None. 

6.  Blood  serum,  37^ 

Growth:  Spreading,  brown,  developing  late. 
Aerial  mycelium:  None. 
Soluble  pigment:  Chocolate  brown. 
Liquefaction:  Faint. 

7.  Egg-media,  37*. 

Growth:  Slow,  dark  brown. 

Aerial  mycelium:  White,  net-like  all  over  surface  of  growth. 

Soluble  pigment:  Purplish,  turning  dark  brown. 

8.  Starch  plate,  12  days,  25*. 

Growth:  Spreading,  brownish  becoming  later  dark  brown. 
Aerial  mycelium:  White  cottony  tufts  scattered  over  surface. 
Soluble  pigment:  None. 
Enzymatic  zone:  6-8  mm.  wide. 

9.  Potato  plug. 

Growth:  Brown  to  almost  black,  wrinkled  growth  in  4-5  days. 

Aerial  mycelium:  White  patches. 

Color  of  plug:  Dark  to  almost  black  zone  around  growth. 

10.  Carrot,  25®,  22  days. 

Growth:  Scant,  dark  brown,  late,  developing  only  after  15  days. 
Aerial  mycelium:  Scant,  white. 

Color  of  plug:  Black  soluble  pigment  is  spreading  over  plug  even  before  any 
appreciable  growth  is  obtained. 

11.  Gelatin,  18*. 

Growth:  Abundant  surface  growth,  spreading,  cream-colored,  turning  brown  in 

exposed  portions. 
Aerial  mycelium:  None  at  first,  later  white  aerial  mycelium  may  be  found. 
Soluble  pigment:  Deep  brown. 
Liquefaction:  Slow  to  medium. 

12.  Synthetic  solution  (glycerin  in  place  of  saccharose). 

Growth:  Brownish  heavy  pellicle  on  surface  with  a  few  flakes  throughout  the 

medium. 
Aerial  mycelium:  Abundant,  buff  colored. 
Soluble  pigment:  Brown,  spreading. 

13.  Milk,  37^    Soluble  brown  pigment  at  the  end  of  30  days. 

Growth  (25*) :  Dark  to  almost  black  surface  ring;  soluble  black  pigment. 
CoagukUion:  Late  (15-20  days);  the  soft  coagulum  settles  to  the  bottom. 
Peptonization:  Slow,  whey  clouded. 

Hydrolysis:  The  milk  may  hjrdrolyze  without  previous  coagulation,  particu- 
larly at  25*. 
Change  of  reaction:  Faintly  alkaline  (1). 
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14.  Glucose  broth,  12  days,  25"*. 

Growth:  Dense,  wrinkled,  wide  ring  on  surface  of  liquid  only  in  contact 

glass. 
Aerial  mycelium:  Thin,  white. 
Soluble  pigment:  Deep  brown. 

m.  Biochemical  Featuxes. 

'       1.  Nitrite  formation:  Very  good  with  glycerin  as  a  source  of  carbon. 

2.  Proteolytic  action:  Faint  in  milk;  good  on  gelatin. 

3.  Change  of  reaction:  Faintly  alkaline  in  milk,  often  unchanged;  distinctly  alkallnr 

in  add  gelatin  (from  Ph  6.2  to  7.7  and  8.4);  faintly  alkaline  in  glucose  broth. 

4.  Inversion  of  sugar:  Positive. 

5.  Diastatie  action:  Fair;  tested  only  on  plate,  zone  6-8  mm.  wide  in  12  days  at  25*. 

6.  Growth  on  cdluhse:  Usually  scant 

Hab,  Isolated  from  New  Jersey  orchard  soil;  also  obtained  from  Dr.  H.  J.  Coim 
of  the  New  York  Agricultural  Experiment  Station,  who  described  and  named 
this  organism. 

Actinomyces  poclensis  Taubenhaus  1918,  p.  446 

I.  MOSPHOLOGY. 

1.  Mycelium. 

A  very  fine  branching  m3rcelium  is  produced;  spirals  are  usually  not  produced, 
only  in  certain  instances,  a  fine  wavy  efifect  is  observed  or  close  quzals 
may  be  formed. 

2.  Conidia. 

Oval  to  elliptical. 

n.  Cultural  Charactekistcs. 

1.  Synthetic  agar. 

Growth:  Thin,  colorless,  ^reading,  developing  deep  into  the  medium;  when 
saccharose  is  replaced  by  dextrose  or  glycerin,  growth  becomes  very  abun- 
dant, with  yellow  on  reverse. 

Aerial  mycdium:  White  with  shade  of  gray  appearing  late. 

Soluble  pigment:  None. 

2.  Calcium  malate— glycerin  agar. 

Growth:  Thin,  spreading,  cream-colored  chiefly  below  the  surface;  edge  mycek»d; 
surface  smooth. 

Aerial  mycelium:  Thin  over  entire  surface,  leaving  narrow  margin  uncov- 
ered; color  light  mouse-gray  (Rdg.  LI,  15""'-b)  with  creamy  edge. 

Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Abimdant,  light  brown,  chiefly  on  surface,  but  also  to  some  extent 
below  the  surface;  surface  glossy;  center  raised;  edge  entire. 

Aerial  mycdium:  Usually  none;  certain  strains  (214)  may  produce  a  cottony 
aerial  mycelium  of  a  pale  olive-blujff  color  (Rdg.  XL,  21'"-f). 

Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Translucent,  yellowish  growth,  the  surface  of  which  presents  a  fine 

network. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
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5.  Blood  agar,  37%  7  days. 

Growth:  Green,  often  yellowish-green,  finely  netted. 

Aerial  mycelium:  None. 

Soluble  ^gment:  None  to  faint  daik. 

Hemolysis:  None. 

6.  Blood  serum,  37%  7  days. 

Growth:  Thin,  spreading,  gray  smear. 

Aerial  mycelium:  None  or  scant  white  patches. 

Soluble  pigment:  None. 

Liquefaction:  None  or  faint,  appearing  late  (25  days). 

7.  Egg-media,  37%  7  days. 

Growth:  Thin,  spreading,  wrinkled,  brownish  colored. 
Aerial  mycelium:  None. 
Soluble  pigment:  Faint  brown. 

8.  Starch  plate,  25"*,  12  days. 

Growth:  Restricted,  cream-colored. 

Aerial  mycelium:  White,  cottony  tufts  all  over  surface. 

Enzymatic  zone:  ^10  mm.  wide. 

9.  Potato  plug. 

Growth:  Thin,  reddish-biown,  sinking  into  plug. 

Aerial  mycelium:  None. 

Color  of  plug:  Purplish,  appearing  late  (17  days). 

10.  Carrot,  25%  22  days. 

Growth:  Thin,  restricted,  finely  folded,  brownish  colored  smear. 
Aerial  mycelium:  None. 
Color  of  plug:  Unchanged. 

11.  Gdatin,  18%  35  days. 

Growth:  Small  brownish  flakes  at  bottom  of  liquefied  portion. 
Aerial  mycelium:  None. 
Soluble  pigment:  None  or  faint  yellow. 

Liquef action:  Rapid  to  medium;  about  2  cm.  of  depth  of  gelatin  in  tube  is  lique- 
fied in  35  days. 

12.  Synthetic  solution.    Very  scant  growth  on  saccharose;  when  glycerin  is  substi- 

tuted into  the  solution,  the  results  are  as  follows: 

Growth:  Abundant,  brownish  flaky  growth  on  bottom'of  tube. 

Aerial  mycelium:  None. 

Soluble  pigment:  Faint  brownish. 

13.  Milk,  37'. 

Growth  (25^,  20  days) :  Brownish  ring  on  surface. 

Coagulation:  4-5  days. 

Peptonization:  Begins  in  4-5  days,  advances  very  rapidly  and  is  completed  ia 

9-10  days. 
Hydrolysis:  The  milk  is  often  hydrol3rzed,  without  any  visible  coagulation. 
Change  of  reaction:  Strongly  alkaline  (4). 

14.  Glucose  broth,  25%  12  days. 

Growth:  Thin,  brownish  ring  on  surface,  in  contact  with  glass. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

15.  Utilization  of  different  carbon  compounds. 

ArMnose 0        Dextrose 1        Lactose 2 

Glycerin 4        Saccharose 1        Maltose 1 

Cellulose 0-1        Mannite 1        Starch 3 

Organic  adds 0-1 
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III.  Biochemical  Features. 

1.  Nitrite  formation:  None  or  only  traces  with  certain  sources  of  carbon;  fair  with 

glycerin. 

2.  Proteolytic  action:  Excellent  on  milk;  very  good  on  gelatin;  fair  on  peptone. 

3.  Change  of  reaction:  None  or  only  faint  alkalinity  with  some  sources  of  carbon  and 

with  NaNOt  as  only  source  of  nitrogen;  distinctly  alkaline  in  gelatin  and  glu- 
cose broth;  strongly  alkaline  in  milk. 

4.  Inversion  of  sugar:  Negative. 

5.  Diastatic  action:  Fair,  zone  on  plate  9-10  nmL  wide  in  12  days,  height  of  tube 

above  control  5  mm. 

6.  Growth  on  cellulose:  None  or  very  scant,  with  methods  used. 

Hab.  Isolated  by  Dr.  J.  Taubenhaus  from  diseased  sweet  potato  tubers  and  by  the 
writer  several  times  from  the  soil;  a  closely  related  organism  (214)  was  received 
from  Dr.  C.  B.  Lipman,  who  isolated  it  from  forming  soil  on  Tortugas  Island. 

Actinomyces  purpeochramogenus  Waksman  and  Curtis 

I.  Morphology. 

1.  Spirals. 

Synthetic  agar:  None. 

Starch  agar:  Few,  imperfect  spirals  observed. 

2.  Conidia. 

Spherical  spores,  0.75  to  1.0  in  diameter. 

n.  Cultural  Characteristics. 

1.  Synthetic  agar. 

Growth:  Slow,  restricted,  chiefly  on  surface  of  medium,  surface  smooth,  center 

raised,  color  at  first  gray,  later  becoming  brown  with  purplish  tinge;  margin 

yellow. 
Aerial  mycelium:  Produced  late,  brownish  purple  to  black;  thb  b  present  as  a 

thin,  dry  surface  layer  over  growth,  which  makes  it  hard  to  disringuish  it  from 

the  latter. 
Soluble  ffigmeni:  Brown  to  dark  brown. 

2.  Calcium  malate-glycerin  agar. 

Growth:  Spreading,  chiefly  on  surface,  gray  colored  in  the  medium,  black  on  sur- 
face of  medium,  margin  spreading. 
Aerial  mycelium:  None. 
Soluble  pigment:  None  in  15  days. 

3.  Glucose  agar. 

Growth:  Abimdant,  restricted,  developing  2-3  mm.  into  medium,  1  mm.  above 

medium;  at  first  gray,  turning  brown  to  dark  brown. 
Aerial  mycelium:  Brown  to  dark-brown  aerial  mycelium  covering  surface  of 

growth. 
Soluble  pigment:  Faint  dark,  later  turning  dark  brown. 

4.  Nutrient  agar. 

Growth:  Gray  to  brownish,  penetrating  into  medium;  surface  growth  becomes 

dark  brown  to  almost  black. 
Aerial  mycelium:  None. 
Soluble  pigment:  Brown. 

5.  Blood  serum,  37®.    No  growth. 

6.  Egg-media,  37®  and  25®.    No  growth  or  limited,  thin,  cream-colored  smear. 
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7.  Starch  plate,  16  days,  25^ 

Growth:  The  growth  consists  of  a  mass  of  small,  dark-brown,  individual  colonies. 

Aerial  mycdium:  Deep  purple,  with  a  glossy  surface. 

Soluble  pigment:  None. 

Efoymatic  zone:  4-5  mm.,  reduction  incomplete. 

8.  Potato  plug. 

Growth:  Restricted  orange  to  orange- red  colonies  in  3-4  days,  turning  dark  red 

in  15  days. 
Aerial  mycelium:  None. 
Color  of  plug:  Unchanged,  becoming  faintly  brown  with  age. 

9.  Carrot    No  growth. 

10.  Gelatin,  30  days,  18*. 

Growth:  Slow,  brownish  colored. 
Aerial  mycelium:  None. 
Soluble  pigment:  Brown. 
Liquefaction:  Slow. 

11.  Synthetic  solution. 

Growth:  Scant  flakes  on  bottom  of  flask. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

12.  Milk,  37^ 

Growth  (25**):  Dark  brownish  ring  on  surface,  in  contact  with  glass;  pinkish 

flakes  in  milk;  brownish  pigment  in  liquefied  portion. 
Coagulation:  10  days. 
PeptoniMation:  Begins  in  10-12  days,  advances  slowly  and  is  not  completed  in 

50  days.    In  certain  cases  the  digestion  may  proceed  more  rapidly  and  is 

completed  in  30  days. 
Change  of  reaction:  Faintly  alkaline  (1). 

13.  Glucose  broth. 

Growth:  Few  flakes  on  bottom  of  flask. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

ni.  Biochemical  Features. 

1.  Nitrite  formation:  None  with  different  carbon  sources. 

2.  Proteolytic  action:  Fair  in  milk  and  gelatin. 

3.  Change  of  reaction:  Faintly  alkaline  in  milk. 

4.  Inversion  of  sugar:  Fair. 

5.  Diastolic  action:  Scant;  1  per  cent  starch  is  not  used  in  more  than  4  weeks;  faint 

diastatic  action  upon  plate. 

6.  Growth  on  cellulose:  Usually  scant 
Hab.    Isolated  from  California  adobe  soil. 

Actinomyces  reticuli  Waksman  and  Curtis 

I.  Morphology. 

1.  Spirals. 

Synthetic  agar:  None.  Whirl  formation  characteristic  of  this  as  well  as  of  the 
following  species;  the  difference  between  this  and  the  following  organism  is 
that  the  branches  of  this  species  do  not  form  secondary  whirls.  This  species 
represents  a  distinct  group  of  organisms,  widely  separated  from  the  other  ac- 
tinomycetes;  several  strains  have  been  isolated  which  are  asdbtinct  from  the 
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origmal  reticidi  as  different  species  can  be  from  one  another,  but  in  the  same 
time  form  with  it  one  group,  that  distinguishes  them  from  the  other  species. 
The  characteristic  feature  of  this  group  of  organisms  is  the  peculiar  method  of 
branching  of  the  aerial  mycelium.  Instead  of  the  straight  or  curled  branches 
usually  found  in  the  Actinomyces  q>ecies  on  this  medium,  the  organisms  of 
this  group  produce  a  whirl  of  branches  from  a  common  point;  these  whirls 
are  formed  at  intervals  on  the  main  hyphae.  Conidia  have  been  demon- 
strated to  be  formed  from  these  branches. 

Dextrose  agar:  Whirl  formation  predominant    Also  tendency  to  form  spiralSy 
which  are  of  the  sinistrorose  type. 
*  2.  Conidia. 

Synthetic  agar:  Spherical,  1.0  to  1.4  m- 

n.  Cultural  Chakacteristics. 

1.  Synthetic  agar. 

Growth:  Colorless,  with  yellowish  tinge  <m  surface,  later  becoming  brownish, 
spreading,  chiefly  deq>  in  the  medium;  surface  growth  limited  to  aerial 
mycelium. 

Aerial  myceUum:  Thin,  white,  cottony,  appearing  in  7-12  days,  forming  a  fine 
net-work  with  laige  holes  in  net  (about  0.5  mm.). 

Soluble  pigment:  None. 

2.  Calcium  malate-glycerin  agar. 

Growth:  Scanty,  colorless,  developing  to  some  extent  into  the  medium . 

Aerial  mycdium:  Small  round  patches  of  a  ni^thalene  yellow  color  (Rdg.  XVI, 

23'-f). 
SohMe  pigment:  None. 

3.  Glucose  agar. 

Growth:  Restricted,  brownish,  center  much  raised  above  surface,  penetrating 

only  to  a  small  extent  into  the  medium. 
Aerial  mycelium:  Cottony,  covering  all.growth,  of  a  naphthalene  jrellow  color. 
SciMe  pigment:  Brownish,  diffusing  through  the  medium. 

4.  Nutrient  agar. 

Growth:  Wrinkled,  gray,  later  becoming  brownish. 

Aerial  mycelium:  None. 

Soluble  pigment:  Brown,  spreading. 

5.  Blood  serum,  37  ^ 

Growth:  Restricted,  gray  colonies. 
Aerial  mycelium:  None. 
Soluble  pigment:  Brown,  spreading. 
Liquefaction:  None. 

6.  Egg-media,  37^ 

Growth:  Thin,  spreading,  radially  wrinkled,  gray. 
Aerial  mycdium:  Gray  with  dark  center. 
Soluble  pigment:  Purple  zone  aroimd  growth. 

7.  Starch  plate,  15  days. 

Growth:  Brownish  gray. 

Aerial  mycdium:  Lavender  colored. 

Enwymatic  zone:  Narrow,  4-5  nun.  wide. 

8.  Potato  plug. 

Growth:  Medium,  gray  with  black  center. 
Aerial  mycdium:  Ash-gray. 
Color  of  plug:  Black. 
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9.  Canot,  25*,  22  days. 

Growth:  Abundimt,  yeUowiah  colored,  spreadiog,  surface  smooth,  dry. 
Aerial  mycelium:  None. 
Color  of  plug:  Unchanged. 

10.  Gelatin,  18^  35  days. 

Growth:  Small,  flaky,  gray  turning  to  brown,  sinking  to  the  bottom  of  the 

liquefied  gelatin. 
Aerial  mycelium:  Thin,  white  patches. 
Soluble  pigment:  Faint  to  dark  brown. 
Liquefaction:  Medium  (1  cm.  in  35  days)  to  slow. 

11.  Synthetic  solution. 

Growth:  Small  white  flakes  on  bottom  of  tube,  with  abundant  gray  growth  on 

surface. 
Aerial  mycelium:  White. 
Soluble  pigment:  None. 

12.  Milk,  3^    Soluble  brown  pigment. 

Growth:  Dark  ring  on  sxirface,  with  no  effect  upon  milk  (only  darkening)  at  25* 

in  20  days. 
Coagulation:  4-5  days.  ' 

Peptonization:  Begins  as  soon  as  coagulation  is  complete,  advances  very  sk>wly 

so  that  not  all  the  coagulum  is  digested  in  50  days. 
Change  of  reaction:  Unchanged. 

13.  Glucose  broth,  25*,  12  days. 

Growth:  Large-sized  colonies  on  bottom  of  tube. 
Aerial  mycelium:  None. 
Soluble  pigment:  Brown. 

14.  Utilization  of  different  carbon  compounds. 

Dextrose 4  Saccharose 1 

Cellulose 3  Maltose 3 

Organic  acid 1-2 

(acetate) 

15.  Utilization  of  different  nitrogen  compounds. 

Ammonium  sulfate 0  Peptone 4 

Sodium  nitrite 1  Ammonium  carbonate 0 

Sodium  nitrate 1  Acetamide 0 

dycocoU 3  Leucin 3 

Asparagin 3  Fibrin 4 

Egg-albumin 1  Urea 0 

m.  Biochemical  Featubes. 

1.  Nitrite  formation:  Fair  with  different  sources  of  carbon. 

2.  Proteolytic  action:  Fair  in  milk,  good  on  gelatin,  very  good  on  fibrin,  good  on  pep- 

tone, faint  on  egg-albimiiir. 

3.  Change  of  reaction:  Unchanged  in  milk,  imchanged  or  faint  acidity  with  most 

proteins  and  amino  acids,  with  glycerin  as  source  of  energy;  faint  acidity  in 
alkaline  glucose  broth;  fairly  alkaline  in  add  gelatin. 

4.  Inversion  of  sugar:  Positive. 

5.  Diastolic  action:  Fair,  a  1  per  cent  starch  solution  not  used  up  in  20  days;  no 

reducing  sugars  foimd;  faint  to  fair  in  plate,  zone  only  4-5  mm.  wide  in  15  days. 

6.  Growth  on  cellulose:  Scant. 

Hob.    Isolated  from  Iowa,  California  upland  and  adobe  soils. 
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Actinomyces  reticidt^-rtiber  n.  sp. 

I.  Morphology. 

1.  Spirals. 

Synthetic  agar:  None.  Whirl  formation,  both  primary  and  secondaiy;  primary 
whirls  consisting  of  fewer  branches,  hyphae  thicken  at  place  of  wliizi 
formation. 

Dextrose  agar:  Tendency  to  form  spirals  predominant.  No  spirab  on  calrhim 
malate  agar. 

2.  Conidia. 

Synthetic  agar:  None  observed  (?). 
Dextrose  agar:  Oval  shaped. 

n.  Cultural  Characteristics. 

1.  Synthetic  agar,  15  days. 

Growth:  Abundant,  spreading,  chiefly  deep  into  the  medium,  where  it  is  color- 
less; surface  growth  usually  pink,  often  colorless. 
Aeriai  mycelium:  Thin,  rose  to  pink  colored,  leaving  a  wide  uncovered  margiiL 
Soluble  pigment:  None. 

2.  Calcium  malate-glycerin  agar. 

Growth:  Spreading  on  surface  and  deep  into  the  medium;  edge  eroae;  growth 

colorless  in  the  medium,  red  to  rose-red  on  surface. 
Aerial  mycelium:  Covering  nearly  all  surface  in  a  thin  layer,  white  with  rose 

pink  shade. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Extensive,  spreading,  penetrating  deep  into  the  medium;  edge  entire; 

color  of  surface  growth  rose-red  (Rdg.  XII,  71). 
Aerial  mycelium:  Cottony,  covering  all  surface;  color  white  with  shade  of  {unk 

due  to  color  of  growth. 
Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  At  first  ^4  days)  red  with  yellowish  margin,  later  becoming  Acajou 

red  (Rdg.  XIII,  I'-i). 
Aerial  mycelium:  None. 
Soluble  pigment:  Brown. 
5.  Blood  serum,  37**. 

Growth:  Glossy,  gra3dsh  colonies  appear  early  (4  days)   and  remain  nearly 

unchanged. 
Aerial  mycelium:  None. 
Soluble  pigment:  Spreading,  brown. 
Liquefaction:  None. 

6.  Egg-media,  37*,  15  days. 

Growth:  Spreading,  wrinkled,  brownish  red  in  color,  characteristic. 
Aerial  mycelium:  Thin,  white,  with  pink  shade  due  to  red  color  of  growth. 
Soluble  pigment:  Rapidly  spreading,  soluble  black  pigment,  penetrating  in  15 
days  through  all  the  slant 

7.  Starch  plate,  25®,  15  days. 

Growth:  White  with  red  tinge. 
Aerial  mycelium:  Lavender  colored. 
Enzymatic  zone:  Fair,  7-8  mm.  wide. 
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8.  Potato  plug. 

Growth:  At  first  (4  days)  cream-colored,  later  pink  patches  appear  and  finally 

(15  days)  all  growth  becomes  of  a  dark  red  color. 
Aerial  mycelium:  At  first  white,  later  (14  days)  surface  b  changed  to  pink,  then 

to  red. 

9.  Carrot,  25*,  22  days. 

Growth:  At  fiirst  (7  days),  restricted,  brownish;  later  the  growth  is  spreading, 

thin,  smooth,  of  a  characteristic  red-beet  color. 
Aerial  mycelium:  None. 
Color  of  plug:  Unchanged. 
:10.  Gelatin,  18^  35  days. 

Growth:  Yellowish  red  to  dragon  pink  (Rdg.  Xn,  60  surface  growth;  growth 

also  consisting  of  colorless  flakes  on  bottom  of  liquefied  portion . 
Aerial  mycelium:  Cottony,  hemosa  pink  (Rdg.  I,  1)  color. 
Soluble  pigment:  Brown. 
Liquefaction:  Rapid  (l}-2  cnL  in  35  days). 

11.  Synthetic  solution. 

Growth:  Small,  white,  cottony  colonies  all  throughout  medium. 

Aerial  mycelium:  Faint  pink. 

Soluble  pigment:  None  to  faint  brown. 

When  glycerin  is  substituted  for  saccharose  the  colonies  are  deep  red. 

12.  Milk,  37^    Soluble  brown  pigment 

Growth  (25^):  Abundant,  red  colored  surface  growth;  rose-colored  aerial  myce- 
lium. 
Coagulation:  4-6  days. 
PeptoniEOtion:  Begins  soon  after  coagulation  is  complete,  advances  very  slowly, 

so  that  in  50  days  not  all  the  coagulum  is  digested. 
Change  of  reaction:  Unchanged. 

13.  Glucose  broth,  25*,  12  days. 

Growth:  Thick,  flaky  mass  on  bottom  of  tube. 
Aerial  mycdium:  None. 
Soluble  pigment:  Brown  to  none. 

14.  Utilization  of  different  carbon  compounds. 

Arabinose 0        Dextrose 4        Lactose 2 

Glycerin 3        Saccharose 1        Maltose 4 

Cellulose 4        Mannite 1        Starch 5 

Organic  acids 1-2 

(acetate) 

ocHEiaCAL  Features. 

1.  Nitrite  formation:  Excellent  with  different  sources  of  carbon. 

2.  Proteolytic  action:  Fair  in  milk;  fair  on  gelatin,  both  in  presence  and  absence  of 
starch;  faint  on  glucose  broth. 

3.  Change  of  reaction:  No  change  of  slight  alkalinity  with  NaNOt  as  source  of 
nitrogen  and  different  carbon  compoimds  as  sources  of  energy;  faintly  alkaline 
in  add  gelatin;  very  distinctly  add  in  glucose  broth. 

4.  Inversion  of  sugar:  Positive. 

5.  Diastolic  action:  Scant  in  solution,  fair  on  plate. 

6.  Growth  on  cdkdose:  Very  good  on  paper  in  solution. 
Hob,    New  Jersey  orchard  and  California  upland  soils. 


^ 
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Actinomyces  roseus  Krainsky  1914,  p.  682,  emend.  Waksman  and  Curtis 

I.  MOSPHOLOGY. 

1.  Spirals. 

Numerous  open  and  closed  ^irals  produced  on  the  different  synthetic  media; 
type  of  spirals  dextrorose. 

2.  Conidia. 

Synthetic  agar:  Oval,  1.0  to  1.2  z  1.5  to  3.0/1- 

II.  CuLTusAL  Characteristics. 

1.  Synthetic  agar. 

Growth:  Thin,  spreading,  colorless,  penetrating  deq>  into  the  medium. 

Aerial  myceUum:  Thin,  pale  brownish  vmaceous  (Rdg.  XXXDC,  5"'-^;  prop- 
erty may  be  lost  on  successive  transfers,  but  can  easily  be  regained  on  tnuit- 
ferring  to  favorable  media. 

Soluble  ffigment:  None. 

2.  Caldum  malate-glycerin  agar. 

Growth:  Spreading,  colorless,  growing  deep  into  the  medium. 
Aerial  mycelium:  White  to  rose  colored. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Extensive,  colorless,  spreading  on  and  below  the  surface  of  the  medium, 

edge  entire. 
Aerial  mycelium:  G>vering  all  surface,  except  wide  margin;  flesh-pink  color 

(Rdg.  Xni,  5 -f),  with  wUte  margin. 
Soluble  pigment:  None. 
4.  Nutrient  agar. 

Growth:  White,  later  turning  yellowish. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

5.  Blood  serum,  37*. 

Growth:  Thin  gray  smear,  later  (15  days)  turning  brown. 

Aerial  mycelium:  None. 

Soluble  pigment:  None,  often  dark. 

Liquefaction:  None. 

6.  Egg-media,  37^ 

Growth:  Thin,  spreading,  greenish-yellow. 

Aerial  mycelium:  None. 

Soluble  pigment:  Narrow  purple  zone  around  growth. 

7.  Starch  plate,  25^,  12  days. 

Growth:  Spreading,  colorless. 

Aerial  mycelium:  White  cottony  tufts  all  over  surface,  with  shade  of  pink. 

Enzymatic  tone:  6-7  mm.  wide. 

8.  Potato  plug. 

Growth:  Much  wrinkled,  brownislh 
Aerial  mycelium:  None. 

Color  oj  plug:  Brown;  on  continued  cultivation  property  lost,  color  of  plug 
remaining  unchanged. 

9.  Carrot 

Growth:  Scant,  restricted,  wrinkled,  light  brownbh. 
Aerial  mycelium:  None. 
Color  of  plug:  Unchanged. 


^ 
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10.  Gelatin,  18^ 

Growth:  Small,  cream-colored  colonies,  sinking  into  the  medium. 
Aerial  mycelium:  None  or  thin  white. 
Soluble  pigment:  Brown,  qneading  into  the  unliquefied  portion. 
UquefacHon:  Slow. 

11.  Synthetic  solution. 

Growth:  Flakes  throughout  liquid. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

12.  Milk,  37*. 

Growth  (25*) :  Brownish  ring  on  surface  in  contact  with  glass. 
Coagulation:  None. 
.  Hydrolysis:  10-15  days. 
Change  of  reaction:  Strongly  alkaline  (4). 

13.  Glucose  broth. 

Growth:  Flakes  on  bottom,  creamy  ring  on  surface. 
Aerial  mycelium:  None. 
Soluble  pigment:  Brown. 

14.  Utilization  of  different  carbon  compounds. 


Arabinose 1  Dextrose 3       Starch 3 

Glycerin 3  Saccharose 2 

Cdhtlose 1  Mannite 1 

Organic  acids 0-1 

m.  Biochemical  Featukes. 

1.  Nitrite  formation:  Good,  in  presence  of  different  sources  of  carbon. 

2.  Proteolytic  actum:  Faint  in  milk. 

3.  Change  of  reaction:  Slight  increase  in  alkalinity  with  NaNO*  as  source  of  nitrogen 

and  different  carbon  compounds;  strong  alkalinity  in  milk. 

4.  Inversion  of  sugar:  None. 

5.  Diastatic  action:  Very  good,  all  starch  used  up  in  14  days  from  a  1  per  cent  solu- 

tion; on  continued  cultivation,  culture  loses  somewhat  its  diastatic  power,  giv- 
ing only  a  fair  action  on  starch,  by  plate  method. 

6.  Growth  on  cdlulose:  None. 

Hob.  Isolated  from  New  Jersey  garden  soil  and  identified  by  Waksman  and  Curtis 
(1916)  as  belonging  to  the  above  species  although  comparison  with  Krainsky's 
culture,  as  is  the  case  of  the  other  cultures,  was  impossible. 

AcHnamyces  ruber  Krainsky  1914,  p.  686 

I.  MOSFHOLOGY. 

1.  spirals. 

Usually  none  on  all  media  studied.    Mycelium  consbts  of  straight  branching 
hyphae,  often  radiating  from  a  common  center.    A  few  ^irals  may  be  formed . 

m 

n.  Cultural  Characteristics. 

1.  Synthetic  agar. 

Growth:  Abundant,  ^reading,  developing  deq>  into  the  medium;  red  colored. 
Aerial  mycdium:  Abundant,  cottony,  chrom-orange  color  (Rdg.  U,  11). 
Soluble  pigment:  None. 
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2.  Caldum  malate-glycerin  agar. 

Growth:  Spreading,  orange  colored  (Rdg.  JH,  15)  with  lighter  margin  pene- 
trating deep  into  the  medium. 

Aerial  myceUum:  Cottony,  cadmimn  yellow  (Rdg.  Ill,  17),  developing  at  an 
early  date. 

Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Restricted,  abundant,  chiefly  on  surface,  maigin  entire,  coral  red  (Rdg. 

Xm,  50  color,  with  yellowish  growth  in  the  medium. 
Aerial  mycelium:  Powdery,  thin,  white,  with  pink  tinge,  leaving  uncovered 

margm. 
Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Restricted,  elevated,  wrinkled  surface  growth,  olive-green  (Rdg.  XXXI, 

25")  color. 
Aerial  mycelium:  Thin,  ash-gray. 
Soluble  pigment:  Brown. 

5.  Blood  agar,  a?"". 

Growth:  Green. 

Aerial  mycdiwm:  None. 

Soluble  pigment:  Dark-gray,  slowly  ^reading. 

Hemolysis:  Narrow  colorless  zone. 

6.  Blood  serum,  37^ 

Growth:  Yellow,  with  red  center. 
Aerial  mycelium:  None. 
Soluble  pigment:  Brown,  spreading. 
Liquefaction:  None. 

7.  Egg-media,  37^. 

Growth:  Spreading,  radially  wrinkled,  brick-red  color. 

Aerial  mycelium:  None  at  first,  later  (15  days)  rose-color  on  edge  of  growth. 

Soluble  pigment:  Faint  dark  zone. 

8.  Starch  plate,  15  days. 

Growth:  Abundant,  spreading,  red. 

Aerial  mycelium:  Pinkish-red. 

Ensymatic  zone:  Fair,  8-10  mm.  wide,  not  perfectly  clear. 

9.  Potato  plug,  25^ 

Growth:  Elevated,  wrinkled,  greenish  (4  days). 
Aerial  mycelium:  Red,  with  yellow  maigin. 
Color  of  plug:  Black  zone  around  growth. 

10.  Carrot,  25*,  22  days. 

Growth:  Abundant,  spreading,  raised,  brownish  colored. 

Aerial  mycelium:  Cottony,  light  salmon  orange  (Rdg.  II,  11-d),  all  over  surface 

of  g^wth. 
Color  of  plug:  Dark  brown. 

11.  Gelatin,  18%  30  days. 

Growth:  Yellow  flakes. 
Aerial  mycelium:  None. 
Soluble  pigment:  Brown,  spreading. 
Liquefaction:  Medium. 

12.  Synethic  solution. 

Growth:  Colorless  flakes  throughout  the  medium. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
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13.  Mak,  37*. 

Growth  (25^,  20  days) :  Dark  surface  ring,  with  tinge  of  red. 

Coi^uloHon:  3-4  days. 

PepUmitatian:  Begins  in  3-4  days,  advances  very  rapidly,  and  is  completed 

in  about  10  days. 
Change  of  reaction:  Fairly  alkaline  (2). 

14.  Glucose  broth,  25^  12  days. 

Growth:  Small  spongy  colonies  on  surface  of  liquid  with  a  red  ring  in  contact 

with  glass. 
Aerial  mycdium:  Powdery,  white,  in  upper  pordon  of  ring. 
Soluble  pigment:  None. 

15.  Utilization  of  different  carbon  compoimds.    When  glycerin  is  substituted  for 

saccharose,  into  the  synthetic  solution,  a  characteristic  growth  b  produced  con- 
sisting of  cobnies  throughout  the  medium  having  a  red  center  and  a  wide  col- 
orless maigin;  a  pink  aerial  mycelium  is  formed  on  the  surface  colonies. 

Arabinose 0-trace        Dextrose 3  Lactase. 3 

Glycerin 3       Saccharose 2-5  Maltose 4 

CdUdose 2       Manmte 2-3  Starch 4 

Organic  acids 0  (ozalate)-2  (acetate). 

16.  Utilization  of  different  nitrogen  OHnpounds. 

Ammonium  sulfate 2  Ammonium  carbonate 1 

Sodium  nilrite 1  Acetamide 1-2 

Sodium  nitrate 2  Leucin 3-4 

GlycocoU 2-5  Peptone 3-4 

Asparagin ^5  Casein 2-3 

Egg-albumin 2-4  Fibrin ^5 

Urea 3 

m.  Biochemical  Featuxes. 

1.  Nitrite  formation:  Faint  to  fair  with  most  sources  of  carbon,  good  with  maltose 

and  lactose  and  excellent  with  arabinose,  although  the  growth  on  this  source 
of  carbon  was  only  very  limited. 

2.  Proteolytic  action:  Good  on  milk,  good  to  very  good  on  peptone,  casein,  fibrin; 

faint  on  egg-albumin. 

3.  Change  of  reaction:  In  most  cases  distinctly  alkaline,  with  NaNOa  as  source  of 

nitrogen,  and  with  different  sources  of  carbon;  with  dextrose,  mannite  and  glyc- 
erin reaction  is  unchanged;  reaction  is  unchanged  with  most  nitrogen  sources 
and  glycerin  as  source  of  carbon,  add  with  glycocoU  and  leucin,  alkaline  with 
peptone;  distinctly  add  in  alkaline  glucose  broth  (Pa  changed  from  7.9  to  5.6 
in  15  days). 

4.  Inversion  of  sugar:  Positive. 

5.  Diastatic  action:  Faironplate:heightofhydn>lyzed  starch  by  tube  method,  above 

control,  14-16  nmi. 
6.  Growth  on  cellulose:  Good  with  all  methods;  no  dear  zone  fonned  on  plate. 
Hab.    Received  from  Dr.  C.  B.  Lipman,  who  isolated  it  from  the  forming  soil  of 

Tortugas  Island. 
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AcHnamyces  rutgersensis  Waksman  and  Curtis 

This  organism  corresponds  very  closely,  on  certain  media  and  in  some  bio- 
chemical characters,  with  A,  diastaticus  described  by  Elrainsky  (22).  This  or- 
ganism, as  well  as  the  A.  didsUUicus  and  A,  lipmaniiy  represent  closely  related 
forms  (culturally)  and  are  among  the  most  common  of  the  soil  actinomycetes. 

I.  MOXFHOLOGY. 

1.  Spirals. 

SytUhetic  agar:  Abundant,  both  close  and  open  type;  hyphae  fine,  long,  branch  - 
ing. 

2.  Conidia. 

Synikeiic  agar:  Spherical  and  oval,  1.0  to  1.2  m  in  diameter;  tendency  to 
bi-polar  staining. 

II.  Cultural  Chakactesistics. 

1.  Synthetic  agar: 

Growth:  Fair,  thin,  spreading,  penetrating  deep  into  the  medium,  at  first  color- 
less, later  becoming  brownish  to  almost  black,  particularly  on  repeate  d 
transfers. 

Aerial  tnycdium:  At  fiirst  thin  white,  later  becoming  pale  dull-gray  (Rdg.  LIII, 
C.  G.). 

Soluble  pigment:  None. 

2.  Calcium  malate-glycerin  agar. 

Growth:  Spreading,  developing  deep  into  the  medium,  cream-colored;   edge 

myceloid. 
Aerial  mycelium:  Thin,  covering  all  the  growth,  leaving  narrow  edge  uncovered; 

pale  dull-gray  in  color,  with  white  patches. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Abundant,  brown  colored  on  surface,  penetrating  only  very  slightly 
into  the  medium,  edge  myceloid;  in  30  days  color  of  growth  b  black,  with 
wide  cream-colored  maigin. 

Aerial  mycelium:  None  in  15  days,  white  patches  in  30  days. 

4.  Nutrient  agar. 

Growth:  Thin,  wrinkled,  cream-colored. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

5.  Blood  serum,  37^. 

Growth:  Restricted,  glossy,  gray  smear. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
Liquefaction:  None. 

6.  Egg-media,  37^. 

Growth:  Thin,  gray  colored  smear. 

Aerial  mycelium:  Thin,  powdery,  white. 

Soluble  pigment:  Purple  spreading  pigment  appears  late  (30  days) . 

7.  Starch  plate,  25^  12  days. 

Growth:  Gray,  spreading. 

Aerial  mycelium:  Gray. 

Enzymatic  zone:  Fair  to  good,  8-10  nun.  wide. 
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8.  Potato  plug. 

Growth:  Abundant,  much  folded,  white-gray  colored  at  first  (4  days),  later 

becoming  brownish,  till  finally  (30  days)  it  is  all  brown. 
Aerial  mycdium:  White  patches  appearing  late  (15  days). 
Color  of  plug:  Unchanged. 

9.  Carrot,  25^  22  days. 

Growth:  Large,  round,  restricted,  cream-colored  colonies;  surface  smooth,  dry, 

much  raised. 
Aerial  mycdium:  None. 
Color  of  plug:  Unchanged. 

10.  Gelatin,  18^  30  days. 

Growth:  Cream-colored  spreading  with  flakes  dropping  to  bottom  of  tube. 

Aerial  mycelium:  White,  thin  patches  over  growth. 

Soluble  pigment:  None  at  first;  on  continued  cultivation,  a  light  brown  color  is 

produced  in  liquefied  portion  only. 
Liquefaction:  Medium;  all  tube  liquefied  in  30-35  days;  in  the  presence  of  1 

per  cent  starch  only  half  of  the  tube  is  liquefied  in  the  same  period  of  time. 

11.  Synthetic  solution  (no  growth  with  saccharose;  glycerin  used  in  this  solution). 

Growth:  Thin  white  pellicle;  few  flakes  through  medium. 
Aerial  mycelium:  Thin,  white. 
Soluble  pigment:  None. 

12.  Milk,  37*. 

Growth  (25^) :  Cream-colored  ring  on  surface. 

Coagulation:  4-6  days. 

Peptonization:  Begins  as  soon  as  coagulation  is  complete,  advances  very  slowly, 

so  that  in  50  days  not  all  the  coagulum  is  digested . 
Change  of  reaction:  Fairly  alkaline  (2). 

13.  Glucose  broth,  25'',  12  days. 

Growth:  Small  colorless  colonies  on  bottom  of  tube. 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 

m.  Biochemical  Features. 

1.  Nitrite  formation:  Good  to  very  good  with  different  sources  of  carbon. 

2.  Proteolytic  action:  Good  in  milk;  very  good  on  gelatin,  both  in  presence  and 

absence  of  starch . 

3.  Change  of  reaction:  Fair  alkalinity  in  milk;  practically  imchanged  in  glucose 

broth;  distinctly  alkaline  in  gelatin,  both  in  presence  and  absence  of  starch. 

4.  Inversion  of  sugar:  None. 

5.  Diastatic  action:  Excellent;  all  starch  used  up  in  7  days  in  a  1  per  cent  solution; 

fair  to  good  on  plate. 

6.  Growth  on  cellulose:  Scant. 

Hab.  Conmion  soil  organism.  Isolated  from  New  Jersey  garden  orchard  and  tim- 
othy soils;  Louisiana,  California,  North  Dakota,  Alaska,  Texas,  and  Colorado 
soils. 

Actinomycetes  scabies  (Thaxter)  Gtissow  (Syn.  Streptotkrix  ckromogenus 

Gasperini,  Oospora  scabies  Thaxter) 

L  MOSPHOLOGY. 

1.  Spirals: 

This  organism  did  not  form  many  spirab  on  the  media  under  the  conditions  as 
studied;  the  aerial  myphae  are  usually  long  and  branched;  often  few  spirals 
are  produced. 
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SyntkeHc  agar:  Wavy  or  slightly  curved;  on  other  media  (ceUulose)  agar  spiral 
formation  took  place;  the  spirals  are  of  a  dextrorose  tjrpe. 
2.  Conidia. 

Conidia  are  produced  readily  on  most  synthetic  media;  these  are  more  or  less 
cylindrical,  0.8-1.0  z  1.2-1.5  /i. 

n.  CULTDSAL  CHAKACTEKISTICS. 

1.  Synthetic  agar. 

Growth:  Abundant,  cream-colored,  chiefly  on  surface  of  medium,  wrinkled, 


Aerial  myceUum:  White,  scarce;  some  strains  may  not  produce  any  at  all. 
SoUMe  pigment:  None  at  first,  later  a  brown  pigment  may  develop. 

2.  Calcium  malate-glycerin  agar. 

Growth:  Good,  q>reading  both  on  surface  and  into  medium;  faint  yeUowiah  in 

color,  later  turning  daxiL. 
Aerial  mycelium:  Thin  layer  all  over  colony,  only  leaving  edge  uncovered, 

mouse-gray  with  white  maigin  and  patches. 
SoUMe  pigment:  None. 

3.  Glucose  agar. 

Growth:  Restricted,  folded,  cream-colored,  edge  entire. 

Aerial  mycelium:  None. 

Soluble  pigment:  None;  surface  agar  around  medium  colored  milky  white. 

4.  Nutrient  agar. 

Growth:  Growth  consists  of  round,  entire  colonies;  surface  at  first  smooth,  later 
raised,  lichnoid,  often  becoming  wrinkled;  color  white  to  straw  colored,  opal- 
escent to  opaque. 

Aerial  mycelium:  Usually  absent,  often  a  scant  white  is  produced. 

Soluble  pigment:  Brown,  spreading. 

5.  Blood  agar,  37^,  15  days. 

Growth:  Brownish  to  gray. 
Aerial  mycdium:  None. 
Soluble  pigment:  Dark  brown. 
Hemolysis:  None. 

6.  Blood  serum,  37^,  7  days. 

Growth:  Slow,  restricted,  much  folded,  yellowish  to  brown  colonies. 
Aerial  mycelium:  None. 

Soluble  pigment:  Brown,  forming  a  zone  around  growth. 
Liquefaction:  None. 

7.  Egg-media,  37"*,  7  days. 

Growth:  Small,  wrinkled,  brown  colonies,  later  becoming  dark  brown. 

Aerial  mycelium:  None. 

Soluble  pigment:  Narrow  puiplish  to  black  zone. 

8.  Starch  plate,  12  days. 

Growth:  Thin,  transparent,  spreading. 

Aerial  mycdium:  Scant  white. 

Eneymatic  zone:  Questionable  diastase  production. 

9.  Potato  plug,  7  days. 

Growth:  Gray,  opalescent,  later  turning  jet  black,  wrinkled  colonies  covering  all 

the  plug. 
Aerial  mycelium:  None;  in  some  strains  an  ash  gray  mycelium  appears. 
Color  of  plug:  Black. 
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la  Canot 

Growlh:  Scant,  thin,  yellowish,  semitran^MUcnt 
Aerial  mycdium:  None. 
Cohr  of  plug:  Unchanged. 

11.  Gelatin,  18^ 

Growth:  Cream-colored,  turning  brown  in  portions  exposed  to  the  air. 
Aerial  mycoHum:  Scant  white  in  37  days. 
Soluble  pigment:  Deep  brown. 

Liquefaction:  Slow  at  first,  later  becoming  more  rapid  so  that  in  35  days  2.7 
cm.  of  the  gelatin  is  digested. 

12.  Synthetic  solution  (glycerin  in  place  of  saccharose). 

Growth:  An  abundant  mass  of  colorless  flakes  and  colonies  on  bottom  of  tube. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

13.  Milk,  37*. 

Deep  brown  pigment  begins  to  develop  in  7  days  in  the  form  of  a  sur&ce  ring, 

and  in  30  days  the  whole  tube  turns  brown. 
Growth:  Brown  colored  ring  with  greenish  tinge  at  25^ 
Coagulation:  5-10  days;  certain  strains  many  not  show  any  coagulation  at  all, 

but  a  slow  hydrolysis. 
PeptonvuUion:  Begins  soon  after  coagulation  is  complete  (5-10  days),  proceeds 

at  fair  q)eed,  and  is  completed  in  15-30  days. 
Chanhe  of  reaction:  Fairly  alkaline  (2). 

14.  Glucose  broth. 

Growth:  Growth  on  the  surface  in  the  form  of  a  ring,  consisting  of  many  small 

colonies,  which  soon  fuse  together;  this  may  settle  to  the  bottom. 
Aerial  mycdium:  None. 
Soluble  pigment:  Brown,  dissolving  downward. 

15.  Utilization  of  different  carbon  con^x>unds. 

Arabinose ,...    4  Dextrose 3  Lactose 4 

Glycerin 3  Saccharose 2-3  Starch 3 

Cdlulose 1-2  MannUe 3 

Organic  acids 1 

16.  Utilisation  of  different  nitrogen  compounds. 

Ammonium  sulfate 0  (T)  Ammonium  earbonale 0  (T) 

Sodium  nitrite 1-3  Acelamide 1-2 

Sodium  mtrale 1-2  Leucin 2-3 

aycocoU 2-3  Peptone 3-4 

(reaction  alkaline,  ammonia  pro- 
duced late,  after  20  days). 
Asparagin 2  Fibrin 3-5 

(distinct  ammonia  accumulation). 

EgtMumin 2-3  Casein 3^ 

Urea 1-2 

m.  Biochemical  Fbatdxss. 

1.  Niirite  formation:  None  to  mere  traces  with  nearly  all  sources  of  carbon,  with  the 
excq>tion  of  glycerin  when  a  Udt  nitrite  formation  took  place;  often  none  is 
found  even  with  glycerin. 
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2.  Proteolytic  action:  Fair  on  milk,  weak  on  peptone,  casein,  fibrin,  and  egg-albumin , 

although  a  sufficient  amount  of  the  material  is  split  to  produce  a  very  good 
growth;  fair  on  gelatin. 

3.  Change  of  reaction:  With  NaNOi  as  a  source  of  nitrogen,  the  medium  becomes 

alkaline  with  nearly  all  sources  of  carbon  studied;  distinctly  alkaline  in  add 
gelatin  (?■  6.2  changed  to  7.9  in  35  days  at  18^);  alkaline  with  peptone,  casein, 
fibrin,  glycocoll,  etc.,  faint  acidity  with  leudn  and  acetamide  (glycenn  as  source 
of  energy) ;  distinctly  alkaline  in  milk;  unchanged  in  alkaline  glucose  broth. 

4.  Inversion  of  sugar:  Positive. 

5.  Diastatic  action:  Questionable  on  plate,  hydrolysis  only  to  erythro-reaction;  same 

on  tube. 

6.  Production  of  tyrosinase:  Veiy  good.    Although  most  organisms  made  a  good 

growth  on  tyrosin  agar  (with  tyrosin  as  the  only  source  of  nitrogen),  only  some 
strains  of  A .  scabies,  and  A .  ckromogenus  205  produced  a  soluble  daric  brown  pig- 
ment, spreading  readily  through  the  medium.  Thb  would  tend  to  indicate  that 
these  two  organisms  are  the  only  ones  that  are  able  to  produce  a  true  tyrosinase, 
or,  if,  as  Bdjerinck  (3)  suggested,  tsnosinase  is  a  mixture  of  two  enz3rmes,  only 
these  two  organisms  of  the  whole  group  are  able  to  produce  both  enzymes. 

7.  Growth  on  cellulose:  Fair  with  certain  methods  (plate  and  repredpitated  cellulose 

in  solution);  none  on  paper  in  solution;  clear  zone  is  not  formed  on  plate. 
Hab,    Isolated  from  potato  scab,  also  from  the  soiL 
A  number  of  cultures  received  from  other  investigators  were  compared  with  the  strain 
described  above,  and  many  of  them  showed  distinctive  differences,  particulariy  as  to  the  pro- 
duction of  a  brown  soluble  pigment  on  organic  media  and  aerial  mycelium  on  synthetic  media. 
Some  strains  attacked  the  carrot  and  potato  plug  very  readily,  so  that  within  2  weeks  the  plug 
was  all  shrivelled  up  and  covered  with  ash-gray  powdery  aerial  mycelium;  one  strain  made 
no  growth  on  carrot  and  only  a  scant  smear  was  produced  on  potato;  several  other  strains 
fell  between  the  two  extremes.    The  weakly  growing  strains  which  made  a  scant  or  poor 
growth  on  potato  and  carrot,  without  pigmenting  the  plug  dark  brown,  produced  also  no 
dariL  pigment  on  tyrosin  agar  and  attacked  the  milk  proteins  only  slowly. 

Actinomyces  veme  Waksman  and  Curtis 

I.  MOKFHOLOGY. 

1.  Spirals. 

Synthetic  ag/ar:  No  ^irals;  the  branching  of  the  hyphae  is  so  close  as  to  produce 

the  impression  of  making  whirls. 
Starch  agar:  Few  short  coiled  side  branches. 

2.  Conidia. 

Synthetic  agar:  None  demonstrated. 

II.  Cultural  Chakacteristics. 
1.  Synthetic  agar. 

Growth:  Abimdant,  spreading,  wrinkled,  much  elevated  above  sxirface,  also 
developing  into  medium,  margin  lichnoid,  surface  glossy;  color  yellowish  at 
first,  later  developing  a  brown  tinge. 
Aerial  mycelium:  No  true  aerial  mycelium  demonstrated. 
Soluble  pigment:  Elm-green  (Rdg.  XVII,  27-Km)  diffusing  through  medium; 
on  repeated  transfer,  the  culture  produces,  instead  of  a  green  pigment,  a  deep 
brown  soluble  pigment. 


CULTURAL  STUDIES  OF  SPECIES  OF  ACTINOliYCES  157 

2.  Caldiim  malate-glycerin  agar. 

Growth:  Thin,  restricted,  wrinkled,  chiefly  on  surface,  color  avellaneous  (Rdg. 

XL,  17'"-b). 
Aerial  mycelium:  None  in  20  days,  later  scant  white. 
Soluble  pigment:  Faint  brown. 

3.  Glucose  agar. 

Growth:  Abundant,  much  folded,  chiefly  on  surface  of  medium;  center  raised , 

edge  entire;  color  gray  with  purplish-brown  tinge. 
Aeridl  mycelium:  None. 
Soluble  pigment:  Faint,  brown. 

4.  Nutrient  agar. 

Growth:  Small  grayish  colonies,  with  depression  in  center,  later  becoming 

wrinkled. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

5.  Blood  serum,  37^ 

Growth:  Restricted,  cream-colored. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
Liquefaction:  Medium  (10-12  da3rs). 

6.  Egg-media,  37^ 

Growth:  Thin,  much  wrinkled,  cream-colored. 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 

7.  Starch  plate,  25^  16  days. 

Growth:  Brownish  colored,  scant,  restricted  growth. 

Aerial  mycelium:  None  to  a  faint  brown  pellicle  on  surface  of  growth. 

Enzymatic  zone:  8-10  mm.  wide. 

8.  Potato  plug. 

Growth:  Wrinkled,  cream-colored  (4  days),  later  (15  days)  becoming  gray. 
Aerial  mycdium:  None,  sometimes  scanty  white  mycelium  is  produced. 
Color  of  plug:  Becomes  faint  brown  with  age  of  culture  (30  days). 

9.  Carrot,  25**,  22  days. 

Growth:  Spreading,  raised,  much  folded,  brownish. 
Aerial  mycelium:  None. 
Coiof  of  plug:  Unchanged. 

10.  Gelatin,  18^  30  days. 

Growth:  Small  cream-colored  colonies. 
Aerial  mycdium:  None. 

Soluble  pigment:  Green,  property  lost  on  continued  cultivation. 
Liquefaction:  Rapid  to  meditmi;  liquefied  portion  in  tube  1.5  cm.  deep  in  3Q 
days. 

11.  Synthetic  solution. 

Growth:  Small  colonies  on  bottom  of  tube. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

When  glycerin  is  substituted  for  saccharose,  there  is  formed  a  mass  of  brownbh 
flakes  on  bottom  of  tube,  with  a  faint  brown  soluble  pigment 

12.  Milk,  37*. 

Growth  (25®) :  Pinkish-brown  ring  on  surface. 

Coagulation:  4-5  days. 

Peptonization:  Begins  in  5  days,  advances  rapidly  and  completed  in  18-25 

days. 
Change  of  reaction:  Fairly  alkaline  (2). 
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13.  Glucose  broth. 

Growth:  Small  flakes  on  bottom  of  tube. 

Aerial  mycelium:  None. 

Soluble  pigmetU:  Faint  brown  to  none. 

14.  Utilization  of  different  carbon  compounds. 

Arabinose 0       Dextrose 1        Lactose 2 

Glycerin 1       Saccharose 1-2        Maltose 2 

Cellulose 1-3       MannUe 3       Starch 1 

15.  Utilization  of  different  nitrogen  compounds  (glycerin  as  a  source  of  energy) . 

Ammonium  sulfate 0  Ammonium  carbonate 0 

Sodium  nitrite 1  Acetamide 1 

Sodium  nitrate 1  Leudn 3 

GlycocoU 3  Casein 2-3 

Asparagin 2-3  Fibrin 2 

Egg-albumin 2  Urea 1 

Peptone 3 

m.  Biochemical  Featdses. 

1.  Nitrite  formation:  Good  with  different  sources  of  carbon. 

2.  Proteolytic  action:  Very  good  in  milk  and  on  the  different  pure  proteins  (fibiin, 

casein,  egg-albumin). 

3.  Change  of  reaction:  No  change,  slight  acidity  or  slight  alkalinity  with  NaNQi,  as 

source  of  nitrogen,  depending  on  the  source  of  carbon;  unchanged  or  faint  alka- 
linity with  different  proteins  and  amino  adds,  except  with  leudn,  where  the 
change  of  reaction  is  towards  acidity. 

4.  Inversion  of  sugar:  Positive. 

5.  Diastatic  action:  Very  good,  starch  reduced  chiefly  to  erythiodextrin;  all  starch 

disappeared  in  14  days  in  a  1  per  cent  solution.  Diastatic  power  somewhat 
deteriorated  on  continued  cultivation,  giving  only  a  good  reaction  (3). 

6.  Growth  on  cellulose:  Usually  good,  when  cellulose,  dther  in  the  form  of  paper  or 

dissolved  and  repredpitated,  is  the  only  source  of  carbon,  but  none  on  plate. 
Hab.    Isolated  from  California  upland  sofl. 

Actinomyces  violacetis-caesari  Waksman  and  Curtis 

I.  MOSPHOLOGY. 

1.  Spirals. 

Synthetic  agar:  Numerous  open  spirals. 

CalciunMnalate  agar:  Broad  spinls;  both  spirals  and  straight  aerial  mjrcelium 

break  up  into  spores. 
Dextrose  agar:  Ntmierous,  open;  some  have  corkscrew  effect;  spirals  deztr^ 

rose. 

2.  Conidia. 

CalciunMnalate  agar:  Oval-shaped  to  elongated. 

n.  Cultural  Cha&actesistics. 

1.  Synthetic  agar,  15  days. 

Growth:  Colonies  glossy,  much  wrinkled,  gray  at  first,  later  becoming  bluish. 
Aerial  mycelium:  Appears  late,  white  with  no  shade  of  gray. 
Soluble  pigment:  Plum-purple  (Rdg.  XXIV,  57-m),  turning  darker  to  almost 
brown  with  age  of  culture. 
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2.  Calchim  malate-glycerin  agar,  15  days. 

Growih:  Restricted,  developing  deep  into  medium,  only  aerial  mycelium  on 

surface  of  medium;  cobr  of  growth  is  blue. 
Aerial  mycdium:  White,  with  puipliah  tinge,  due  to  pigment  of  underlying 

growth. 

SoUMe  pipnent:  Faint  blue,  rapidly  spreading. 

3.  Glucose  agar,  15  days. 

Growth:  Restricted,  on  surface,  penetrating  to  some  extent  into  the  medium; 

at  first  gray,  later  turning  red  to  almost  brick-red. 
Aerial  mycelium:  White  patches  over  surface  of  growth. 
SolMe  pigmenl:  None. 

4.  Nutrient  agar,  15  days. 

Growth:  Thin,  cream-colored  smear. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

5.  Blood  serum,  37^ 

Growth:  Small,  restricted,  gray  colonies,  developing  only  in  15  da3rs. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
UquifacHon:  None. 

6.  Egg-media,  37^ 

Growth:  Thin,  finely  wrinkled,  of  a  grayish  color  (5-6  days),  later  (15  days) 

showing  a  dark  center. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

7.  Starch  plate,  12  days. 

Growth:  Individual,  round,  restricted  colonies,  of  a  bluish  violet  color. 

A  erial  mycelium:  In  the  form  of  tufts,  gray  in  centre  and  white  at  the  periphery. 

Soluble  pigment:  None. 

Ensymatic  zone:  12-14  mm.  wide,  but  hjrdrolysis  is  not  complete  (reddish  tinge 

on  addition  of  iodine  solution);  the  starch  is  hydrolyzed  chiefly  to  the  eryth- 

rodextrin  stage. 

8.  Potato  plug. 

Growih:  Cream-cobred,  wrinkled,  in  4-5  days;  in  15  days  cobr  of  growth  turni 

yellowish. 
Aerial  mycdium.  None. 
Color  of  plug:  Unchanged. 

9.  Carrot:  No  growth. 

10.  Gelatin,  18^  35  days. 

Growth:  Small,  cream-colored  cobnies  on  surface,  may  drop  to  bottom  of 

liquefied  portion. 
Aerial  mycdium:  None. 
Soluble  pigment:  None. 
Ldqwfaclian:  Medium  or  sbw. 

11.  Synthetic  solution,  15  days. 

Growth:  Small  flakes  on  bottom  of  tube. 

Aerial  mycdium:  None. 

Soluble  pigment:  Blue,  property  almost  lost  with  age  of  organism  on  continued 

cultivatbn.    On  rq^ladng  the  saccharose  by  glycerin,  the  blue  color  is  formed 

readily. 
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12.  Milk,  37^ 

Growth:  Gray  ring  on  surfaca 

Coagulation:  10-12  days;  sometimes  milk  is  not  dotted. 
PeptontMotion:  Slow,  complete  only  in  50  days. 
Change  of  reaction:  Faintly  alkaline  (1). 

13.  Glucose  broth,  12  days. 

Growth:  Fine,  colorless,  flaky  growth  on  bottom  of  flask  or  tube. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

m.  Biochemical  Featuiles. 

1.  Nitrite  formation:  Fair,  with  starch  as  a  source  of  carbon;  none,  with  saccharose 

and  glycerin. 

2.  Proteolytic  action:  Fair  in  milk  and  gelatin. 

3.  Change  of  reaction:  With  NaNQi  as  a  source  of  nitrogen,  the  medium  turns  alka- 

line for  all  sources  of  carbon  used;  faintly  alkaline  on  milk. 

4.  Inversion  of  sugar:  None. 

5.  Diastatic  action:  Very  good  amylolytic  power,  but  weak  saccharogenic  power; 

1  per  cent  starch  all  reduced  to  the  erythro-reaction  in  14  days;  very  good  by 
tube  and  plate  methods,  but  hydrolysis  of  the  starch  is  in  all  ^cases  incon^lete, 
reduced  chiefly  to  the  erythro-reaction. 

6.  Growth  on  cellulose:  Faint  to  fair,  particularly  on  paper  in  synthetic  soludon;  no 

ring  formation  on  plate. 
Hab.    Isolated  from  California  upland  soiL 
A,  violaceus-niger  described  originally  (45)  and  several  strains  of  the  chromogenus  group 
were  found  on  further  cultivation  to  be  closely  related  to  this  spedes  and  are  therefore  omitted 
here.    The  A,  violaceus-caesarif  although  a  distinct  spedes  resembles  in  certain  respects  the 
chromogenus  forms. 

Actinomyces  viotaceus-rubcr  Waksman  and  Curtis 

I.  Morphology. 

1.  Spirals. 

Synthetic  agar:  Ntmierous,  of  the  open  type. 

Dextrose  agar:  Short,  imperfect  spirab;  both  spirab  and  straight  mycelium 
breaking  up  into  spores;  spirab  deztrorose. 

2.  Conidia. 

Synthetic  agar:  Oval  and  rod-shaped,  0.8  to  1.5  x  0.7  to  1.0  ft. 

n.  Cultural  Characteristics. 

1.  Synthetic  agar,  15  da3rs. 

Growth:  Thin,  spreading,  growing  deep  into  medium,  uncolored  at  first,  soon 
changing  to  red  and  then  blue. 

Aerial  mycelium:  Thin,  powdery,  covering  all  colony,  at  first  white,  later  turn- 
ing mouse-gray  (Rdg.  LI,  15'"")  • 

Soluble  pigment:  A  red  soluble  pigment  is  first  produced  widch  changes  to  cya- 
nine  blue  (Rdg.  IX,  51-m).  The  production  of  the  pigment  and  successive 
changes  can  be  readily  explained  by  the  change  in  reaction  of  the  medium. 
The  organism  produces  a  soluble  pigment,  which  acts  as  an  indicator;  it  changes 
from  red  to  blue  at  Ph  7.4-7.6.  The  synthetic  agar  has  a  reaction  of  Ph  7.0, 
therefore  the  pigment  when  produced  b  red.  The  medium  becomes  more 
alkaline  as  a  result  of  the  growth  of  the  organism;  when  the  reaction  changes 


CULTURAL  STUDIES  OF  SPECIES  OF  ACTINOliYCES  161 

to  Pb  7.4-7.6,  the  red  pigment  changes  to  blue.  The  rapidity  of  the  change 
of  pigment  differs  with  the  strains  of  the  organism,  depending  probably  on 
the  rapidity  of  alkali  production.  When  studied  in  solution,  the  change  of 
color  is  not  very  sharp,  but  somewhat  gradual,  varying  from  red  to  red  brown 
and  blue.  This  pigment  is  only  one  of  two  or  even  three  pigments  present 
in  the  mixture;  it  may  therefore  often  be  obscured. 

2.  Caldtmi  malate-glycerin  agar,  15  days. 

Growth:  Thin,  spreading,  penetrating  to  some  extent  into  the  meditmi;  rose  red 

in  color. 
Aerial  mycelium:  Thin,  powdery,  ash-gray,  with  white  edge;  abundant,  all 

over  growth. 
Soluble  pigment:  None  in  15  days;  red  pigment  slowly  spreading  appears  in  35 

days,  the  lack  of  blue  pigment  is  no  doubt  due  to  the  fact  that  this  medium 

does  not  turn  alkaline  to  the  indicator  produced  by  the  organism. 

3.  Glucose  agar,  15  days. 

Growth:  Spreading,  more  on  surface  than  into  medium,  edge  regular;  of  a  brick - 

red  color,  later  turning  almost  black. 
Aerial  mycdium:  Thin,  cottony,  ash-gray,  with  in^te  edge;  abundant  all  over 

growth. 
Soluble  pigment:  None  at  first:  faint  red  to  reddish  brown  pigment  appears  in 

35  days. 

4.  Nutrient  agar. 

Growth:  At  first  (4  days)  white,  later  becoming  red,  with  wbitt  margin. 
Aerial  mycdium:  White,  appearing  only  in  10-12  days. 
Soluble  pigment:  Blue,  spreading  very  slow. 

5.  Blood  agar,  37^ 

Growth:  A  slightly  elevated,  crumpled,  spreading,  red  growth  i^pears  early 

(2-3  days),  surface  glistening 
Aerial  mycelium:  None. 

Soluble  pigment:  Faint  brown,  limited  to  reverse  of  growth  only. 
Hemolysis:  Strong. 

6.  Blood  serum,  37  ^ 

Growth:  Thin,  brownish  spreading  smear  in  3-4  days,  later  turning  red;  surface 

glistening. 
Aerial  mycdium:  None. 
Soluble  pigment:  Soluble  red  pigment  (7  days). 
Ldqwfaction:  None. 

7.  Egg-media,  37®  (also  at  25^  although  growth  is  somewhat  slower). 

Growth:  Thin,  spreading  brown  smear  in  5-6  days. 

Aerial  mycdium:  White,  all  over  growth,  with  a  bluish  tinge,  developing  in  2 

weeks. 
Soluble  pigment:  Blue,  often  none. 

8.  Starch  plate,  12  days. 

Growth:  Spreading,  pink-colored. 

Aerial  mycdium:  Powdery,  ash-gray  color,  all  over  sur&ce  of  growth;  the  mar- 
ginal zone  is  often  white. 
Soluble  pigment:  None. 
Enzymatic  tone:  6-8  mm.  wide. 

9.  Potato  plug. 

Growth:  Small  brownish  colonies  appearing  in  5-4  days;  in  about  2  weeks  growth 

is  found  to  be  abundant,  folded,  of  a  grayish  color. 
Aerial  mycdium:  Abundant,  white,  with  ash-gray  patches  in  7-8  days;  bluish 

tinge  in  2  weeks. 
Color  of  plug:  Blue  in  4-5  days. 
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10.  Carrot 

Growth:  Abundant,  spreading,  much  folded,  lichnoid,  cream-colored  at  first, 
later  turning  browxush. 

Aerial  myceliutn:  Gray,  powdeiy  all  over  surface,  with  shade  of  pink  develop- 
ing in  15  days. 

Cohr  of  fiug:  Bright  pink  around  growth,  with  dark  brown  pigment  spreading 
over  the  plug. 
ll.l^Gelatin,  18%  18  days. 

Growth:  Spreading,  dense,  cream-colored  at  first,  the  underlying  part  changing 
to  pink  or  blue  depending  on  reaction  of  gelatin  to  start  with;  quite  often  the 
cobr  remains  grayish. 

Aerial  mycdium:  White  or  none  at  all,  when  the  flaky  growth  drops  to  the  bot- 
tom of  the  liquefied  portion. 

SoMU  pigment:  None,  sometimes  blue. 

IdquefacHon:  Slow  to  medium;  in  presence  of  starch  it  b  more  n^id;  1|  cm. 
of  depth  of  tube  liquefied  in  30  days. 

12.  Synthetic  solution,  15  days. 

Growth:  Numerous,  small,  round  colonies  throughout  the  medium. 
Aerial  mycdium:  Scant,  gray. 
Soluble  pigment:  Red  changing  to  blue. 

13.  Milk,  37%  15  days. 

Growth:  Gray  with  shade  of  red  or  blue  pigmented  ring  on  surface  of  milk  in 

contact  with  glass. 
Coagulation:  Usually  none;  often  it  takes  place  in  9-10  days,  followed  by  a  very 

slow  peptonization;  the  clot  when  produced  is  soft 
Hydrolysis:  12-15  days,  complete;  hydx>lyzed  portion  has  a  pinkish  tinge. 
Change  of  reaction:  Distinctly  alkaline  (5). 

14.  Glucose  broth,  15  days. 

Growth:  Solid  grayish  ring  on  surface,  close  to  tube,  none  throughout  medium. 
Aerial  mycelium:  White. 
Soluble  pigment:  Blue. 

15.  Utilization  of  different  carbon  compounds. 

Arabinose 1  Dextrose 5  Lactose 5 

Glycerin 3  Saccharose 3  Starch 5 

Cellulose 2-3  Organic  acids 0-1  Maltose 3-4 

Mannite 4 


16.  Utilization  of  different  nitrogen  compounds. 


Amm(mium  sulfate 0 

Sodium  nitrite 3 

Sodium  nitrate, 1 

GlycocoU 3-4 

Asparagin 3-4 

Egg-albumin 2 

Peptone 3-4 


Ammonium  carbonate 0 

Acetamide 2 

Leudn 3 

Casein 3-4 

Fibrin 3 

Urea 1-2 


III.  Biochemical  Featusxs 

1.  Nitrite  formation:  Excellent  with  nearly  all  sources  of  carbon. 

2.  Proteolytic  action:  Good  on  nulk  and  on  gelatin. 

3.  Change  of  reaction:  With  NaNQi  as  source  of  nitrogen,  the  medium  is  made 

alkaline  with  the  following  sources  of  carbon:  salts  of  organic  acids,  maltose, 
dextrose,  lactose,  etc    When  grown  on  add  gelatin,  the  reaction  changes  to 
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alkaline  (from  Ph  6.2  to  Ph  8.0)  both  in  presence  and  absence  of  starch;  di^ 
tinctly  alkaline  in  milk;  alkaline  glucose  broth  made  acid  (Ph  changed  from  7.9 
to  6.6). 
6.  Inversion  ef  sugar:  Usually  positive. 

5.  DiaskUic  action:  Good;  1  per  cent  starch  not  used  up  entirely  in  14  days;  good  by 

tube  and  plate  methods. 

6.  Growth  on  cdUdose:  Fair  to  good,  depending  on  method  used;  cellulose  used  fairly 

well;  dear  zone  formed  on  cellulose  plate. 
Eab,    Isolated  from  Iowa  and  California  adobe  soils. 

Adinamyces  viridochromogenus  Krainsky  1914,  p.  684,  emend. 

Waksman  and  Curtis 

Isolated  numerous  times  from  different  soils;  strains  differ  chiefly  in  vigor  of 
growth  on  artificial  media;  the  following  description  is  based  chiefly  on  one 
strain  (101). 

I.  Morphology. 

1.  Spirals. 

Synthetic  agar:  Abundant,  regular,  3-5  m»  in  diameter. 
Starch:  Numerous,  perfect,  of  an  open  type,  3-6  m  in  diameter,  occurring  as  side 
branches  on  long  mycelia  and  terminaL 

2.  Conidia. 

Synthetic  agar:  Short  ovals  to  spheres,  1.215  x  1.25-1.5  /a. 
Starch:  Spherical  to  oval  1-1.25  x  1.0;1.5m. 

11.  Cultural  Chasacieristics.  . 

1.  Synthetic  agar. 

Growth:  Spreading,  cream-colored  with  dark  center  at  first,  later  all  surface 
growth  becomes  dark  green;  reverse  yellowish  to  light  cadmium  (Rdg.  IV, 
19).. 

Aerial  mycelium:  Abundant,  covering  center  first,  then  spreading  all  over 
surface;  white,  changing  to  light  geladine  green  (Rdg.  XLVII,  35'"'-d). 

SdMe  pigment:  None. 

2.  Caldtmi  malate-glycerin  agar. 

Growth:  Thin,  spreading,  developing  deep  into  medium;  light  gray  at  first,  later 

changing  to  dark-green  and  almost  black. 
Aerial  mycelium:  Thin,  powdery,  all  over  surface,  white  at  first,  later  becoming 

pale  dull  glaucous-blue  (Rdg.  XLII,  4r"-f). 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Spreading,  abundant,  developing  chiefly  on  surface,  partly  into  the 

medium,  wrinkled,  gray  at  first,  later  becoming  black. 
Aerial  mycdium:  White  at  first,  later  becoming  greenish-blue. 
Soluble  pigment:  Faint  brown,  with  greenish  tinge. 

4.  Nutrient  agar,  15  days. 

Growth:  Abundant,  restricted,  gray  growth,  with  greenish  tinge. 

Aerial  mycdium:  Powdery,  white,  with  shade  of  green  all  over  surface  of  growth. 

Soluble  pigment:  Dark  brown,  spreading. 

5.  Blood  agar,  37%  15  days. 

Growth:  Dark  gray,  crumpled  colonies,  later  turning  brown. 
Aerial  mycelium:  Scant  white. 
Soluble  pigment:  Dark,  spreading. 
Hemolysis:  None. 
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6.  Blood  serum,  37^ 

Growth:  Small,  glossy,  brownish  cobnies  in  4r-5  days. 
Aerial  mycelium:  White,  with  dark  center. 
Soluble  pigment:  Spreading,  dark  zone  around  growth. 
Ldqueactian:  None. 

7.  Egg-media,  37^ 

Growth:  Extensive,  spreading,  brown  growth  in  5-6  days. 

Aerial  mycelium:  White,  with  greenish  patches  in  5-6  days;  pinkish  tinge,  when 

culture  becomes  older  (15  days). 
Soluble  pigment:  Dark  all  through  medium. 

8.  Starch  plate,  12  days. 

Growth:  Round,  spreading,  yellowish. 
'  Aerial  mycdium:  Thin,  greenish  to  gray,  with  zone  formation. 
Soluble  pigment:  None. 
EnMymaUc  zone:  Scant  (2  nmi.  in  11  days). 

9.  Potato  plug. 

Growth:  Abundant,  gray-brown  growth  appears  early  (24  hours). 
Aerial  mycdium:  Abundant,  white,  all  over  growth  (3-4  days),  developing  a 
greenish  tinge  (15  days) ,  which  changes  to  pinkish  with  age  of  culture  (30  dasrs.) 
Color  of  plug:  Black,  spreading. 

10.  Carrot. 

Growth:  Restricted  at  first,  later  spreading,  folded,  cream-colored  with  dark 

shade  developing  from  center  of  growth. 
Aerial  mycelium:  Cottony,  abundant,  white,  with  shade  of  green. 
Color  of  plug:  Darkbrown^ 

11.  Gelatin,  18^  30  days. 

Growth:  Colonies  cream-colored,  becoming  greenbh. 
Aerial  mycdium:  Green,  with  yellow  tinge. 
Soluble  pigment:  Brown. 
lAquefactian:  Slow. 

12.  Synthetic  solution. 

Growth:  Small  flakes  on  side  of  tube;  floating  colonies;  surface  of  a  characteris- 
tic green  color. 
Aerial  mycdium:  Green. 
Soluble  pigment:  None  to  shade  of  brown. 

13.  Milk,  37^    Soluble  brown  pigment 

Growth:  Dark  brown  surface  growth  with  shade  of  green  in  the  form  of  a  ring 

at  25**;  none  at  37". 
Coagulation:  5-6  days. 
Peptonization:  Begins  in  6  days,  proceeds  rapidly  and  in  12  days  coagulum  is 

all  (imperfectly)  digested;  digestion  much  slower  at  25°. 
Hydrolysis:  May  take  place  instead  of  coagulation,  particularly  at  25". 
Change  of  reaction:  Faintly  alkaline  (1). 

14.  Glucose  broth,  12  days. 

Growth:  Dense  solid  ring  on  surface,  in  contact  with  glass,  also  small  masses 

on  surface  of  liquid;  brownish,  turning  dark  green  in  color. 
Aerial  mycdium:  Thin,  powdery,  white  to  faint  greenish. 
Soluble  pigment:  Faint  greenish  to  deep  brown  spreading  downward. 

15.  Utilization  of  different  carbon  compounds. 

Arabinose 3        Dextrose 4        Lactose 3 

Glycerin 2        Saccharose 2        Maltose 5 

Cellulose 1-3        Mannite 3        Starch 3 

Organic  acids 1-2  (lactate,  malate,  and  tartrate) 
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16.  Utilization  of  different  nitrogen  compounds. 

Ammonium  sulfate 0       Ammamum  carbonate 0 

Sodium  nUriie 1-3       Acetamide 1 

Sodium  niiraie 2        Leucin 3 

dycocoU 3-5       Casein 4-5 

Asparapn 3        Fibrin 3 

Egg-^dhumin 3        Urea 3 

Peptone 4 

m.  Biochemical  Features. 

1.  Nitrite  formation:  Scant,  with  sucrose  and  glycerin  as  sources  of  energy,  much 

better  with  starch. 

2.  Proteolytic  action:  This  organism  has  a  rather  weak  proteolytic  action;  fair  on 

milk  and  gelatin;  faint  to  fair  on  the  proteins  (fibrin,  egg-albumin,  casein). 

3.  Change  of  reaction:  Alkaline  with  NaNQi  as  a  source  of  nitrogen  and  with  different 

carbon  compounds  as  sources  of  carbon;  faintly  alkaline  in  nulk;  faint  acidity 
with  different  proteins  and  amino  acids  as  sources  of  nitrogen  and  glycerin  as  a 
source  of  carbon;  faint  acidity  in  glucose  broth. 

4.  Inversion  of  sugar:  None. 

5.  Diastatic  action:  Fair  action  in  a  1  per  cent  starch  solution;  scant  action  on  plate, 

zone  2  nun.  in  11  days. 

6.  Action  on  cellulose:  Usually  good,  but  there  was  no  zone  formation  on  plate. 
Hab.    Isolated  from  New  Jersey  garden,  California,  Oregon  adobe,  Porto  Rico  and 

Texas  soils. 

Actinomyces  104 

I.   MORFHOLOGY. 

1.  Spirals. 

Numerous,  of  the  open  type,  on  sjmthetic  agar;  few  spirals  observed  on  dextrose 
agar  and  glycerin. 

II.  Cultural  Chasactekistics.    This  organism  is  characterized  by  a  very  scant  growth 
on  the  synthetic  agar. 

1.  Synthetic  agar. 

Growth:  Colorless,  spreading,  chiefly  deep  into  the  medium. 
Aerial  mycelium:  Very  thin,  white;  turning  later  grayish. 
Soluble  pigment:  None. 

2.  Caldum  malate-glycerin  agar. 

Growth:  Medium,  spreading  chiefly  on  surface;  edge  myceloid;  cream-colored 

with  brownish  shade. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Abundant,  spreading  growth,  chiefly  on  surface,  also  penetrating  below 
surface;  edge  myceloid,  color  of  surface  growth  brown  with  wide  colorless 
margin. 

Aerial  mycelium:  Thin,  powdery,  all  over  surface,  with  narrow  margin,  white- 
colored. 

Soluble  pigment:  Brown. 

4.  Nutrient  agar. 

Growth:  Cream-colored,  wrinkled,  only  on  surface. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
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5.  Blood  aerum,  37^ 

Growth:  Glossy,  wrinkled,  gray  growth. 
Aerial  mycelium:  None. 
Soluble  pipnerU:  Nont. 
Liquefaction:  Starts  in  15  days. 

6.  Egg-media. 

Growth:  Thin,  spreading,  fine  net-work,  cream-colored  with  green  tinge. 
Aerial  mycelium:  None. 
Soluble  pipnent:  None. 

7.  Starch  plate,  25^  16  days. 

Growth:  Thin,  spreading,  cream-colored. 

Aerial  mycelium:  None  or  a  few  grayish  thin  patches. 

Ensymatic  zone:  5-6  mm.  wide;  hjrdiolysis  of  the  starch  is  incomplete. 

8.  Potato  plug. 

Growth:  Abundant,  much  wrinkled,  greenish  at  first  (4  days),  later  becoming 

black  with  yellowish  margin. 
Aerial  mycelium:  None. 
Color  of  plug:  Faint  black  zone  around  growth  appears  late  (15  days). 

9.  Canot,  25"*,  22  days. 

Growth:  Abundant,  spreading,  much  folded,  brownish. 

Aerial  mycelium:  Scant,  white  patches. 

Color  of  plug:  Brown  shade  appears  late  (22  days). 

10.  Gelatin,  18"*,  35  days. 

Growth:  Cream-colored  flakes  on  bottom  of  liquefied  portion. 

Aerial  mycelium:  None. 

Soluble  pigment:  None. 

Liquefaction:  Rapid  (3  cm.  of  depth  of  gelatin  liquefied  in  tube  in  35  days). 

11.  Synthetic  solution. 

Colonies:  Scant  flaky  growth  on  bottom  of  tube. 
Aerial  mycelium:  None. 
Chromogenesis:  None. 

12.  Milk,  37'. 

Growth  (25®) :  Pinkish  surface  ring  in  contact  with  glass. 

Coagulation:  Sr-12  days. 

Peptonitation:  Begins  in  10-12  days  and  is  nearly  all  completed  20-25  days. 

Change  of  reaction:  Fairly  (2)  to  distinctly  alkaline  (3). 

13.  Glucose  broth  25%  12  days. 

Growth:  Thin,  cream-colored  pellicle  on  surface,  some  flakes  on  bottom. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

14.  Utilization  of  different  carbon  compounds  (NaNQi  as  source  of  nitrogen). 

Arabinose 0  Dextrose 1  Lactose 1 

Glycerin 1  Sauharose 1  Maltose 2 

Cdlulose 1  Mannite 1  Starch 1 

Organic  acids. 0-1 

ni.  Biochemical  Featuses. 

1.  Nitrite  formation:  Scant,  though  positive,  with  most  sources  of  carbon. 

2.  Proteolytic  action:  Good  on  gelatin,  both  in  presence  and  absence  of  starch;  fair  on 

nulk  and  glucose  broth. 

3.  Change  of  reaction:  No  change,  slight  acidity  on  alkalinity  with  NaNQi  as  source 

of  nitrogen  and  different  sources  of  carbon;  faint  alkalinity  in  gelatin  and  g}u* 
cose  broth  and  in  milk. 
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• 

4.  Inversion  of  sugar:  None. 

5.  Diastolic  action:  Fair  in  plate;  good  by  tube  method. 

6.  Growth  on  cdlulose:  None  or  very  scant. 
Hab.    New  Jersey  orchard  soil,  8  inches  deep. 

Actinomyces  145 

I.  Morphology. 

1.  Spirals. 

None  on  the  media  studied;  hyphae  usually  coarse,  branching,  with  a  tendency 
tocurL 

2.  Conidia. 

Oval-shaped  to  elliptical  spores. 

n.  Cultural  Characteristics. 

1.  Synthetic  agar. 

Growth:  Thin,  colorless,  spreading,  developing  deep  into  the  medium. 
Aerial  mycelium:  Thin,  gray. 
Soluble  fngment:  None. 

2.  Calcium  inalate-gl3rcerin  agar. 

Growth:  Scanty,  colorless,  raised  in  center,  uneven  edge. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

3.  Glucose  agar. 

Growth:  Good,  spreading  growth,  cream-colored  chiefly  on  surface,  penetrating 
to  a  slight  extent  into  the  medium,  center  raised,  edge  myceloid. 

Aerial  mycelium:  Abundant  all  over  surface,  pale  mouse-gray  (Rdg.  LI,  15'""-d) 
with  white  patches. 

Soluble  pigment:  None. 

4.  Nutrient  agar. 

Growth:  Thin,  cream-colored. 
*        Aerial  mycelium:  Gray. 
Soluble  pigment:  None. 

5.  Blood  serum,  25"*,  20  days. 

Growth:  Faint  cream-colored  spots. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 
Liquefaction:  None. 

6.  Egg-media,  25^  20  days. 

Growth:  Abundant,  spreading,  dark  brown,  appearing  late. 

Aerial  mycelium:  None. 

Soluble  pigment:  Narrow  purplish  zone  around  growth. 

7.  t'otato  plug,  25^  15  days. 

Growth:  Small  restricted  colonies,  gray  at  first  (4  days),  later  (15  da3rs)  becom- 
ing dark. 
Aerial  mycdium:  None  at  first,  traces  of  white  appearing  in  15  days. 
Color  of  plug:  Black. 

8.  Carrot,  25%  22  days. 

Growth:  Scant,  spreading,  raised  in  center,  cream-colored. 

Aerial  mycelium:  None. 

Color  of  plug:  Brown  zone  only  in  22  days. 

•OIL  ICnKCX,  YOL.  Vm,  MO.  S 
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9.  SUrch  plate,  25'',  15  days. 

Growth:  Rapidly  spreading,  cream-colored,  with  yellow  reverse. 

Aerial  mycdium:  Light  buff-gray. 

Enzymatic  zone:  Wide  (12-15  mm.),  hydroly^  of  starch  imperfect. 

10.  Gelatin,  18**,  35  days. 

Growth:  Cream-colored  to  brownish,  spreading  chiefly  on  side  of  tube. 
Aerial  mycelium:  Abundant,  white,  covering  all  growth. 
Soluble  pigment:  Brown  in  liquefied  portion. 
Liquefaction:  Slow,  presence  of  starch  seems  to  further  it. 

11.  Synthetic  solution. 

Growth:  None. 

12.  Milk,  37^ 

Growth  (25°) :  Dark  brown  surface  zone,  abundant  white  aerial  mycelium. 

Coagulation:  6-7  days. 

Peptonization:  Begins  soon  after  coagulation,  advances  very  slowly,  and  is  not 

completed  in  50  days. 
Change  of  reaction:  Unchanged. 

13.  Glucose  broth,  25^  12  days. 

Growth:  Thin,  dark  gray  pellicle  on  surface  consisting  of  round  colonies. 
Aerial  mycelium:  None  to  a  thin  ash-gray  layer. 
Soluble  pigment:  Deep  brown,  spreading  downward. 

m.  Biochemical  Featitres. 

1.  Nitrite  formation:  Fair,  with  glycerin  as  a  source  of  carbon. 

2.  Proteolytic  action:  Scant  on  milk,  fair  to  good  (in  presence  of  1  per  cent  starch)  on 

gelatin. 

3.  Change  of  reaction:  Unchanged  or  sh'ghtly  acid  in  gelatin,  unchanged  in  milk, 

distinctly  acid  in  glucose  broth. 

4.  Inversion  of  sugar:  None. 

5.  Diastolic  action:  Good  on  plate,  chiefly  to  the  erythro  reaction. 

6.  Growth  on  cellulose:  None. 
Hab.    Hawaiian  pineapple  soil. 

Actinomyces  206 

I.  Morphology. 

1.  Spirals. 

None  on  most  media;  the  growth  takes  place  in  small  individual  clumps  with 
straight,  branching  hyphae;  a  few  long,  open  spirals  present  on  the  calcium 
malate  agar. 

2.  Conidia. 

Synthetic  agar:  Spherical  and  oval,  0.9  to  1.1  x  0.9  to  2.0  m- 

II.  Cultural  Characteristics. 

1.  Synthetic  agar. 

Growth:  Abunclant,  spreading,  developing  deep  into  the  medium;  color  of 

growth  yellow  to  olive-ocher  (Rdg.  XXX,  21");  reverse  yellow  to  almost 

black. 
Aerial  mycelium:  Mouse-gray  to  light  drab  (Rdg.  XLVI,  17""-C). 
Soluble  pigment:  None. 
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2.  Caldum  malate-glycerin  agar. 

Growth:  Thin  growth  penetrating  to  some  extent  into  the  medium,  edgemyce- 

loid,  color  deep  colonial  buff  (Rdg.  XXX,  21"b). 
Aerial  mycdium:  Thin,  over  large  part  of  surface;  minute  droplets  of  water 

forming  a  silvery  zone  on  surface  of  it;  color  violet-gray  (Rdg.  LII,  59'"") 

with  yellowish  margin. 
SciiMe  pigment:  None. 

3.  Glucose  agar. 

Growth:  Abundant,  restricted  on  surface  and  penetrating  to  some  extent  into 

the  medium;  center  raised ;  edge  entire ;  color  as  before. 
Aerial  mycdium:  Covering  only  portions  of  surface,  color  as  on  caldum  malate. 
Soluble  pigment:  None  in  15  days,  in  35  days  faint  yellow. 

4.  Nutrient  agar. 

Growth:  White  smear,  surface  glbtening. 
Aerial  mycelium:  None. 
Soluble  pigment:  None. 

5.  Blood  serum,  37^ 

Growth:  Spreading,  glistening,  cream-colored  smear. 

Aerial  mycdium:  None. 

Soluble  pigment:  None. 

Liquefaction:  Medium,  begins  in  6-7  days. 

6.  Egg-media,  37''. 

Growth:  Thin,  spreading,  gray  growth. 
Aerial  mycdium:  Thin  white  patches. 
Soluble  pigment:  None. 

7.  Starch  plate. 

Growth:  Thin,  spreading,  yellowish  green  in  color. 
Aerial  mcydium:  Dark  gray. 
Enzymatic  zone:  Good  (3). 

8.  Potato  plug. 

Growth:  Abundant,  much  wrinkled,  elevated,  gray  at  first  (4  days),  later  (8 
days)  turning  sulfur-ydlow  on  edge;  in  30  da3rs,  the  plug  is  nearly  all  de- 
stroyed (shrivelled  up)  by  the  growth  of  the  organism. 

Aerial  mycdium:  Abundant  all  over  growth,  light  yellow  with  mouse  gray 
patches. 

Color  of  plug:  Unchanged. 

9.  Carrot,  25^  22  days. 

Growth:  Abundant,  spreading,  cream-colored. 

Aerial  mycdium:  Abundant,  powdery,  gray  colored,  all  over  growth. 

Color  of  plug:  Unchanged. 

10.  Gdatin,  18^  35  days. 

Growth:  Cream-colored  flaky  mass  on  bottom  of  liquefied  portion;  in  exposed 

part,  close  to  glass,  yellow. 
Aerial  mycdium:  Thin  white  on  yellow  exposed  portion  of  growth. 
Soluble  pigment:  None. 
Liquefaction:  Rapid  (4  cm.  in  35  days). 

11.  Synthetic  solution. 

Growth:  Scant  growth  to  almost  none.  When  glycerin  is  substituted  for  sac- 
charose there  is  formed  an  abundant  yellowish  brown  pellide  on  surface  of 
liquid,  with  a  yellow  aerial  mycelium  and  a  yellow  soluble  pigment. 
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12.  Milk,  37'. 

Growth  (25°) :  Faint  pinkish  growth,  accompanied  by  hydrolysis  of  milk. 

Coagulation:  4-5  days. 

Peptonitation:  Begins  in  4r-5  days  and  proceeds  very  rapidly  so  that  it  is  all 

completed  in  10-12  days. 
Change  of  reaction:  Faintly  (1)  to  fairly  alkaline  (2). 

13.  Glucose  broth,  25"",  12  days. 

Growth:  Wide,  thick  ring  on  surface  in  contact  with  glass;  color  salfur-3reUow, 

often  shade  of  orange  is  produced. 
Aerial  mycdium:  Thin,  ash-gray,  all  over  growth. 
Soluble  pigment:  None  or  faint  sulfur-yellow  pigment 

m.  Biochemical  Featuxes. 

1.  Nitrite  formation:  Fair,  with  starch  and  glycerin  as  sources  of  carbon. 

2.  Proteolytic  action:  Very  good  in  milk  and  glucose  broth;  excellent  on  gelatin,  but 

only  good  in  the  presence  of  1  per  cent  starch. 

3.  Change  of  reaction:  Fairly  alkaline  in  milk  and  glucose  broth;  dbtinctly  alkaline  in 

add  gelatin,  in  absence  and  presence  of  starch. 

4.  Inversion  of  sugar:  Positive,  of  ten  negative. 

5.  Diastatic  action:  Good*  no  starch  left  in  a  1  per  cent  solution  at  the  end  of  14  days; 

good  on  plate,  enzymatic  zone  12-15  mm.  wide. 

6.  Growth  on  cdhdose:  Good,  with  paper  as  the  only  source  of  carbon. 
Hob,    Isolated  from  Oregon,  California  adobe,  and  Maine  Aroostook  soils. 

COMPARATIVE  CULTURAL  AND  BIOCHEMICAL  STUDIES 

Many  species  have  shown,  in  the  cultural  and  biochemical  studies,  unique 
differences  which  assist  in  their  separation,  but  the  most  important  results 
a^  obtained  when  these  organisms  are  separated  into  groups,  which  resemble 
closely  one  another  in  their  metabolism.  The  actinomycetes  vary  in  their 
metabolism  as  much  as  any  other  large  complex  group  of  forms  of  life,  and  a 
distinct  separation  into  species  is  almost  next  to  impossible,  because  new  forms 
will  be  found  which  will  tend  to  bring  two  distinct  spedes  together;  it  is  there- 
fore much  more  advisable,  in  the  study  of  these  organisms,  to  separate  them 
into  spedes-groups  where  the  species  resembling  one  another  in  theif  metabo- 
lism would  fall.  A  number  of  the  descriptions  of  the  species  given  above  are 
based  not  upon  a  single  organism  but  upon  a  group  of  closely  related  forms. 

Several  simple  synthetic  media  were  used  so  that  the  information  could  be 
readily  duplicated  and  a  better  insight  into  the  metabolism  of  the  organisms 
could  be  obtained.  Many  of  the  results  reported  were  repeated  two  and  three 
times,  and  any  differences  that  occurred  on  the  following  observations  were 
carefully  noted.  As  stated  above,  most  of  these  organisms  were  described  4 
years  ago,  soon  after  their  isolation  from  natural  substrata;  after  they  were 
grown  for  this  period  of  time  on  artificial,  usually  synthetic,  media,  some 
organisms  have  shown  cultural  differences  distinctive  from  those  obtained  4 
years  previously,  and  these  differences  also  were  carefully  noted.  In  inocu- 
lating cultures  for  the  work,  aerial  mycelium  (including  conidial)  was  used 
where  possible,  otherwise  a  piece  of  the  growth  was  transferred  by  means  of  a 
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Sterile  platinuin  loop  or  heavy  needle,  the  pomt  of  which  was  flattened.  Where 
an  organism  failed  to  grow  on  inoculation  upon  a  certain  medium,  the  inocula- 
tion was  repeated  on  another  tube  or  often  on  a  fresh  lot  of  medium.  It  is 
quite  possible  that  even  with  these  precautions  certain  differences  escaped 
attention,  but  these  would  be  usually  of  limited  value  in  establishing  the  cul- 
tural identity  of  an  organism,  and  it  is  believed  that  the  cultural  and  biochem- 
ical studies  reported  represent  fairly  accurately  the  comparative  reactions  of 
the  organisms  used.  • 

For  convenient  comparison  of  the  species,  the  data  are  tabulated  below. 
A  complete  discussion  of  the  metabolism  of  actinomycetes,  including  complete 
tables  for  this  group  of  organisms,  has  recently  been  published  elsewhere  (43). 
Only  several  of  the  tables  are  repeated  here  for  purposes  of  comparison,  but, 
for  a  complete  historical  review  on  the  metabolism  of  these  organisms  and  a 
discussion  of  the  data,  the  reader  is  referred  to  the  other  papers. 

UTILIZATION  OF  CARBON  COMPOUNDS  AS  SOURCES  OF  ENERGY 

In  all  the  studies  of  utilization  of  carbon  compounds,  3  per  cent  of  the 
sources  of  carbon  were  added  to  the  synthetic  solution  with  0.2  per  cent  of 
NaNOa  as  the  only  source  of  nitrogen. 

Arabinose,  Out  of  23  organisms  tested  for  the  utilization  of  arabinose  as  the 
only  source  of  carbon,  A,  aureus ^  A.  poolensis,  A.  albospareuSy  A.  liptnanii,  A. 
verne,  A.  bobili,  A,  reticulus-rvber,  A.  128,  A,  205,  A.  168,  A.  asteroides 
and  A.  104  refused  to  grow  at  all;  A.  roseus  and  A.  ruber  produced  only  a 
few  flakes  at  the  bottom  of  the  tube;  A.  violaceus-ruber  and  A,  violaceus-caesari 
a  few  minute  colonies  through  the  mediimi  or  on  the  sxirface;  A.  albus  made 
a  fair  surface  growth;  A.  viridockromogenus,  A.  griseus,  A,  exfoliatus^  A. 
Jradiiy  A,  scabies  and  A.  diastaticus  made  a  good  to  very  good  surface  growth 
with  a  fair  to  abundant  aerial  myceliimi.  The  organisms  that  made  a 
good  growth  affected  a  change  in  the  hydrogen-ion  concentration  of  the  medium 
towards  alkalinity.  A.  violacetis-caesari  produced  a  blue  soluble  pigment;  A. 
griseus,  A.  scabies  and  A,  exfoliatus  a  yellow  to  brown  soluble  pigment.  A. 
viohceus-ruber,  A.  ruber,  A.  roseus  and  A.  viridockromogenus  reduced  the  ni- 
trate to  nitrite  in  appreciable  amounts,  while  some  cultures  (A.  f radii,  A.  lip- 
manii)  contained  mere  traces  of  nitrites  {A,  madurae,  A.  hominis  and  A.  bows 
were  used  only  in  a  few  instances  in  the  carbon  studies). 

Dextrose.  Dextrose  proved  to  be  one  of  the  best  sources  of  carbon  for  the 
actinomycetes.  Out  of  the  26  organisms  inocjilated  upon  the  solution,  only 
A.  vertUy  A.  poolensis,  A.  205  and  A.  104  made  a  scant  flaky  growth  through 
the  medium  or  on  the  bottom,  with  no  change  of  reaction  or  nitrite  production 
(traces  with  A.  verne).  Most  of  the  other  organisms  (A.  violaceus-ruber, 
A.  exfoliatus,  A.  168,  etc.)  made  a  very  good  to  excellent  growth,  usually  in 
the  form  of  surface  colonies  or  in  the  form  of  a  heavy  pellicle,  often  developing 
out  of  the  colonies  growing  together,  and  a  good  characteristic,  aerial  mycelium. 
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A.  griseus  and  A.  168  produced  a  golden  pigment,  while  A,  viridockromagenus, 
A.  scabies  and  A.  exfoli<Uus  produced  a  brown  soluble  pigment.  The  change 
of  reaction  was  distinctly  towards  the  alkaline  for  the  organisms  that  pro- 
duced a  good  growth.  A.  molaceus-rubery  A.  roseus,  A.  reticulus-ruber  and 
A.  asteroides  produced  maximum  quantities  of  nitrites,  a  few  other  sptdics 
only  traces  or  fair  quantities,  while  most  organisms  did  not  produce  any  nitrite 
in  the  presence  of  dextrose. 

Maltose.  Maltose  was  found  to  be  also  a  very  good  source  of  carbon.  Out 
of  the  26  organisms  studied,  only  A.  poolensis,  A.  albospareus,  A,  madurae  and 
A.  bavis  made  a  scant  flaky  growth  on  the  bottom  of  the  tube.  Most  of  the 
organisms  made  a  good  to  very  good  groyrth  with  this  source  of  carbon,  but 
only  A.  viridockromogenus  made  an  excellent  growth,  accompanied  by  a  dis- 
tinct change  in  reaction  towards  acidity.  The  growth  is  usually  on  the  bottom 
of  the  tube,  but  quite  often  (^4.  griseus ,  A,  diastaticus,  A.  168)  on  the 
siurface  of  the  liquid  with  an  abundant  aerial  mycelium.  The  change  in  reac- 
tion was  in  a  few  cases  toward  acidity  (^4.  viridochromogenus,  A,  violaceuS" 
caesari,  A .  albus,  and  A .  104),  in  most  cases  unchanged  or  changed  to  distinctly 
alkaline  (Ph  changed  for  A.  violaceus-ruber  from  6.2  to  7.2,  A.  griseus  to  7.6, 
A.  diaskUicus  to  8.0,  A.  hominis  to  7.4,  A.  reticulus-ruber  to  7.1,  A.  205  to  7.2, 
A.  ruber  to  7.0.)  The  nitrite  production  was  good  for  a  number  of  organisms, 
A,  violaceus-ruber  producing  a  maximum  quantity. 

Saccharose.    Saccharose  is  a  rather  poor  source  of  carbon  for  many  actino- 
mycetes,  because  not  all  the  species  are  able  to  invert  this  sugar.    It  is  quite 
possible  that  some  organisms,  on  continued  cultivation  on  artificial  media, 
begin  to  produce  some  inverting  enzyme,  as  was  observed  in  a  few  cases.    The 
growth  in  solution  was  usually  scant  to  fair,  in  the  form  of  flakes  on  the  bottom 
of  the  tube  or  as  colonies  throughout  the  medium;  only  A.  ruber  and  A.  ex- 
foliatus  produced  an  excellent  growth  on  saccharose  in  solution.    The  change^ 
of  reaction  was  either  faintly  acid  {A.  asteroides y  A.  scabies^  and  A.  exfdiatus), 
faintly  alkaline  or  distinctly  alkaline  (^4.  griseus,  A.  diastaiicus,  A.  aureus,, A. 
reticulus-ruber,  A.  madurae ,  A.  bobili,  A.  mridockromogenus  and  A.  104).    TTm 
reduction  of  nitrate  to  nitrite  is  usually  none  or  scant,  excellent  only  for  A. 
violaceus-ruber  and  A.  bovis,  and  good  for  a  few  others  (A.  asteroides.  A,  veme, , 
A.  albus,  and  A.  reticulus-ruber).    Of  course  these  comparisons  hold  true,  in  - 
the  case  of  this  source  of  carbon  as  well  as  the  others,  only  in  liquid  media; 
on  agar  media  much  better  growth  of  most  species  is  obtained. 

Lactose.  Lactose  is  a  good  source  of  carbon  for  most  species.  Out  of  nearly 
30  species  tested,  only  A,  violaceus<aesari  and  A.  104  produced  a  scant  flaky 
growth  on  the  bottom  of  the  tube  and  only  A.  violaceus-ruber  an  excellent 
growth.  Most  organisms  produced  a  good  to  very  good  growth,  usuaUy  in- 
the  form  of  colonies  on  the  surface  of  the  liquid  or  in  the  form  of  a  heavy  pel- 
licle accompanied  by  fair  to  abundant  aerial  mycelium.  A.  scabies,  A,  ex- 
foliatus  and  A.  viridockromogenus  produced  a  brown  soluble  pigipent  and  A. 
violaceus-ruber  a  blue  pigment.    The  change  of  reaction  was  usually  toward 
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alkaline.  Most  organisms  produced  no  nitrite  or  mere  traces;  only  A.  bavis 
and  A.  violaceus-ruber  produced  a  maximum  quantity,  A.  veme  and  A.  virl- 
dochromogenus  "very  good"  amounts  of  nitrites. 

Glycerin.  Glycerin  favored  a  good  development  of  most  species,  although 
fewer  organisms  made  as  abundant  a  growth  as  on  dextrose  and  starch  in  so- 
lution. It  is  interesting  to  note  that  A.  poolensis  that  made  a  scant  growth 
on  most  other  carbon  compounds  made  a  very  good  growth  on  glycerin.  A. 
veme,  A,  128,  A.  albospareus,  A.  104  and  A,  205  produced  only  a  scant 
growth.  A.  griseus,  which  made  a  heavy  growth  on  most  carbon  compounds, 
except  saccharose  and  the  salts  of  organic  acids,  made  a  rather  limited  growth 
on  glycerin.  A  soluble  pigment  was  formed  only  in  the  culture  of  A .  exfolialus. 
The  reaction  of  the  solution  was  either  left  imchanged  or  changed  to  faintly 
add  or  alkaline;  A.  aster oides  and  A.  violaceus-ruber  caused  a  distinct  change 
in  the  glycerin  medium  toward  acidity.  Nitrites  were  produced  by  most 
organisms,  but  in  quantities  not  larger  than  mere  traces;  only  A.  violaceus-ruber, 
A.  viridochromogenuSy  A.  lipmaniiy  A.  bovis,  A.  hominis  and  A,  asteroides  pro- 
duced appreciable  quantities  of  nitrites. 

Manniie.  Mannite  was  foimd  to  be  a  good  source  of  carbon  only  for  about 
half  of  the  actinomycetes  tested.  A.  aureus  was  the  only  spedes  that  made 
an  excellent  growth,  while  A.  poolensis,  A.  jnolaceus-caesari,  A.  128,  A. 
roseus,  A.  retictUus-ruber,  A.  bobili,  A.  asteroides,  A.  104,  and  A,  205  made  a 
scant  growth.  The  hydrogen-ion  concentration  was  left  imchanged  or  usually 
changed  to  alkaline,  notably  A.  griseus  changing  the  reaction  from  Pa  7.2  to 
7.7,  A.  scabies  to  7.6  and  A.  ItUeus  to  7.5.  Very  few  cultures  changed  the 
medium  to  slightly  add ;  among  these  A .  asteroides  occupies  the  most  prominent 
place,  changing  the  Ph  values  from  7.2  to  6.5.  A  soluble  brownish  pigment  was 
produced  only  by  A.  exfoliatus  and  A.  viridochromogenus.  The  reduction  of 
nitrates  to  nitrites  was  scant  or  entirely  absent  for  most  organisms;  A.  violaceus- 
ruber,  A.  reticulus-ruber,  A.  verne  giving  the  maximum  quantities,  while  A. 
albosporeus  and  A,  griseus  gave  only  good  reduction. 

Starch.  Starch  was  found  to  be  the  best  source  of  carbon  of  all  the  com- 
pounds tested  for  most  of  the  26  spedes  used.  Only  A.  verne  and  A.  104  that 
made  a  rather  scant  growth  on  all  other  carbon  sources  gave  a  scant  flaky 
growth  on  starch  as  the  only  source  of  carbon  and  A,  asteroides  made  hardly 
any  growth  at  all;  most  other  organisms  made  a  good  to  very  good  growth 
usually  in  the  form  of  colonies  or  a  heavy  pelUde  on  the  surface  of  the  liquid 
and  accompanied  by  a  good  aerial  mycelium.  The  change  in  reaction  of  the 
mediiun  was  usually  none  or  (more  often)  toward  distinct  alkalinity.  So, 
for  example,  A.  ruber  changed  the  hydrogen-ion  concentration  of  the  medium 
(Ph  values)  from  7.0  to  7.6,  A.  diastaticus,  A.  albosporeus  and  A.  viridochromo- 
genus to  7.5,  etc.  Some  few  organisms  produced  a  faint  addity  in  the  medium, 
A.  128  and  A,  104  changing  the  Ph  values  from  7.0  to  6.8.  A  brown 
soluble  pigment  was  produced  by  A.  lipmanii  and  A.  exfoliatus,  while  a  fair 
brown    (golden)    pigment   by   A.    128   A.  griseus,  A.  f radii,  A.  168  and 
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A.  205.  The  reduction  of  nitrates  to  nitrites  was  scant  or  none  for  most  of 
the  species  that  gave  weak  nitrite  accumulation  with  other  carbon  compounds, 
but  the  active  nitrate-redudng  organisms  usually  allowed  large  quantities  of 
nitrites  to  accimiulate  in  the  medium.  The  high  average  for  nitrate  reduc- 
tion with  starch  as  a  source  of  carbon  should  not  therefore  be  looked  upon  as 
an  indication  that  more  organisms  reduce  nitrates  with  this  source  of  carbon 
than  with  any  other,  but  that  those  that  reduce  nitrates  readily  do  it  even 
more  actively  with  starch  as  a  source  of  carbon,  which  as  was  shown  elsei^iere 
(43)  is  explained  by  the  metabolism  of  the  organisms.  Starch  as  a  good 
source  of  energy  allows  a  better  development  of  the  organisms  and  this  is 
accompanied  by  a  greater  reduction  of  nitrates  in  the  medium.  A.  viotaceus" 
ruber y  A.  roseus,  A.  Upmanii  and  A.  reticulus-ruber  gave  the  '' excellent''  reduc- 
tion of  nitrates. 

Starch  is  readily  utilized  by  most  actinomycetes  because  most  of  them  pro- 
duce an  active  diastatic  ferment  which  hydrolyzes  the  starch  actively,  thus 
making  it  readily  available  as  a  source  of  carbon.  This  wss  shown  to  hold 
true  both  by  the  plate  and  the  tube  methods,  as  seen  in  table  7.  A  complete 
discussion  on  the  hydrol3rsis  of  starch  by  actinomycetes  will  be  found  in  the 
paper  on  the  ''Carbon  Metabolism  of  Actinomycetes"  (43). 

Inulin.  Out  of  12  species  tested  with  this  source  of  carbon,  only  A.  reUcuU 
made  a  scant  growth,  while  A.  rubor  and  A,  borAs  made  a  good  to  very  good 
growth.  The  other  9  spedes  made  only  a  fair  growth;  this  vras  usually  in  the 
form  of  colonies  on  the  bottom  of  the  tube  or  a  thin  pellicle  on  the  surface, 
covered  with  a  thin  aerial  mycelium.  \^th  NaNOs  as  a  source  of  nitrogen, 
9  out  of  the  12  cultures  changed  the  medium  from  nearly  neutral  (Pb  6.8)  to 
distinctly  alkaline  (Pa  7.6-8.1),  only  A.  exfolialus,  A.  ruber ,  and  i4.  diasUUicus 
produced  no  change  in  reaction  of  faint  acidity.  Only  A .  exfoliatus  produced  a 
yellowish  soluble  pigment. 

Cettulose,  The  utilization  of  cellulose  by  actinomycetes  was  tested  by  several 
different  methods,  but  none  of  them  proved  very  satisfactory,  as  was  shown 
above.  This  can  be  further  emphasized  by  the  fact  that  the  different  methods 
did  not  check  up  with  one  another;  some  organisms  that  were  found  to  use 
cellulose  readily  by  one  method  were  not  found  to  do  so  by  another;  this  is  no 
doubt  due  to  the  difference  in  the  form  of  cellulose  used  in  the  different 
methods:  The  simplest  and  easiest  way  of  testing  the  cellulose  utilization  by 
actinomycetes  is  the  introduction  of  a  piece  of  filter  paper  into  the  synthetic 
solution,  without  any  other  source  of  carbon.  Those  organisms  that  can  use 
cellulose  as  the  only  source  of  carbon  will  be  found  to  form  colonies  or  flaky 
growth  on  the  paper  and  then  throughout  the  medium;  this  is  also  accom- 
panied by  a  change  in  the  reaction  of  the  medium  and  the  reduction  of  nitrates 
to  nitrites.  As  was  shown  elsewhere  (43),  the  reduction  of  nitrates  and  the 
changes  in  the  hydrogen-ion  concentration  of  the  medium  can  be  taken,  for 
many  cfrganisms,  as  an  index  of  their  utilization  of  the  proper  carbon  com- 
pound; this  is  particularly  important  in  the  study  of  the  cellulose  utilization  by 
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the  actinomycetes  as  the  only  source  of  carbon,  since  not  only  the  actual  growth 
obtamed,  but  also  the  change  in  the  hydrogen-ion  concentration  and  the  re- 
duction of  nitrates  can  be  recorded.  Out  of  the  30  or  so  species  studied  on 
cellulose,  many  produced  a  scant  flocculent  growth  on  the  bottom  of  the  tube 
or  none  at  alL  A.  vioktceus-ruber^  A.  rdolacms-caesari^  A.  scabies^  A.  ruber^ 
and  A,  205  made  a  fair  growth  accompanied  by  a  faint  change  in  reaction 
toward  alkalinity  and  traces  of  nitrites  in  some  instances  (fair  with  A.  violaceus* 
rubor);  A,  veme^  A.  168  made  a  good  growth,  A,  bobiU  and  A,  reHculus^ruber 
made  a  very  good  growth.  A.  asUroides,  with  a  scant  growth,  was  the  only 
organism  that  changed  the  reaction  of  the  medium  to  distinctly  add  (from 
Pb  7.0  to  6.5).  A.  ruber,  A.  alius,  A.  exfoKatus,  A.  aureus,  A.  vMaceus-ruber, 
A.  scabies  and  A.  bobili  made  a  very  good  growth  on  the  cellulose  plate,  most 
of  them  producing  a  dear  ring  around  the  colony;  A.  albus.  A,  ruber.  A,  virido- 
ckromogenus  and  A.  lipmanii  made  the  best  growth  upon  filter  paper  by  using 
the  method  of  Krainsky  (22). 

Organic  acids.  Several  sodium  salts  of  organic  adds  were  studied  as  sources 
of  carbon  for  actinomycetes  (30  gm.  per  liter),  namdy,  the  salts  of  acetic, 
lactic,  malic,  tartaric  and  oxalic  adds.  The  growth  of  most  of  the  organisms 
on  these  adds  was  limited  to  a  few  flakes  on  the  bottom  of  the  tube,  accompa- 
nied in  most  instances  by  a  distinct  alkalinity  and  none  or  only  scant  nitrate 
reduction.  The  alkalinity  was  higher  with  these  carbon  compounds  than 
with  the  previous  ones,  due  to  the  fact  that,  in  addition  to  the  alkalinity  de- 
rived from  the  nitrogen  source,  the  add  radical  of  the  carbon  compound  was 
used  as  the  source  of  energy  and  the  cation  probably  left  in  the  medium,  form- 
ing carbonates,  thus  resulting  in  distinctly  alkaline  reaction.  A,  bobili,  A. 
reUculi,  A.  reticidus-ruber  and  A.  ruber  made  a  fair  growth  on  the  acetic  add, 
while  A.  violaceus-ruber,  A.  griseus,  A.  asteroides,  A.  bavis,  A.  reticulus-ruber 
and  A.  ruber  produced,  with  this  carbon  source,  more  than  scant  quantities  of 
nitrites.  A.  viridochromogenus,  A.  madurae,  A.  asteroides,  A.  albus,  and  A 
168  made  more  than  a  scant  growth  (^4.  asteroides  best)  on  the  lactic  add, 
while  only  A.  asteroides  produced  more  than  scant  quantities  of  nitrites  in  the 
medium,  with  this  source  of  carbon.  A.  griseus  and  A.  viridochromogenus 
produced  more  than  a  scant  growth  on  malic  add,  while  i4.  violaceus-ruber,  A. 
griseus,  A.  asteroides  and  A.  205  allowed  a  good  accumulation  of  nitrites  in  the 
medium.  A.  viridochromogenus,  A.  asteroides,  A.  exfolialus  and  A.  168  pro- 
duced a  fair  growth  on  tartaric  add,  while  only  A.  asteroides  allowed  a  fair  ac- 
cumulation of  nitrites  with  this  source  of  carbon.  No  organism  made  more 
than  a  scant  growth  on  oxalic  add,  while  A.  violaceus-ruber,  A.  reUculus-ruber 
and  A,  hominis  allowed  a  good  to  fair  nitrite  accumulation.  This  will  tend 
to  show  that  the  organic  adds  form  (as  sodium  salts),  with  very  few  excep- 
tions, rather  poor  sources  of  carbon  for  the  actinomycetes  (succinic  add  also 
gave  similar  results).  Some  adds  (malic)  were  offered  in  the  form  of  ammo- 
nium salts  and  seemed  to  be  used  much  more  readily  than  the  sodium  salts. 
This  may  be  due  to  the  fact  that,  in  the  case  of  the  latter,  the  medium  becomes 
80  alkaline  that  the  oiganisms  cannot  readily  grow  further. 
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UTILIZATION  OF  NITROGEN  COMPOUNDS 

The  following  organisms  were  used  for  this  study:  A.  viataceus-ruber^  A, 
griseuSy  A.  aureus^  A.  bobili,  A.  scabies,  A.  albus,  A.  viridockromogenus,  A. 
verne,  A.  ruber,  A.  bavis.  A.  aster  aides  and  A.  reticuli.  Three  per  cent  of  gly- 
cerin was  added  (in  place  of  saccharose)  to  the  synthetic  solution  as  the  source 
of  carbon;  glycerin  was  used,  because,  as  was  shown  above,  it  is  readily  assim- 
ilated by  most  organisms,  and,  if  it  does  not  allow  as  abundant  a  growth  of 
some  species  as  does  starch  or  dextrose,  it  never  allows  as  poor  a  growth  as 
the  Qrganic  adds,  arabinose  or  saccharose;  another  advantage  in  the  use  of  gly- 
cerin is  the  fact  that  the  reaction  of  the  medium  does  not  change  appreciably 
on  sterilization,  as  do  the  media  containing  dextrose,  lactose  or  maltose.  The 
nitrogen  compounds  were  studied  only  as  sources  of  nitrogen  and  not  of  car- 
bon, which  was  possible  m  the  presence  of  a  good  source  of  carbon,  such  a$ 
glycerin.  These  compounds  were  added  to  the  synthetic  solution,  the  or- 
ganic compounds  0.5  per  cent,  the  inorganic  salts  0.2  per  cent.  The  cultures 
were  grown  in  duplicates  and  incubation  took  place  at  25^  for  15  and  30  days 
and,  in  the  case  of  A.  bavis  and  A.  asteraides  for  30  and  60  da3rs.  All  these  stud- 
ies, as  well  as  the  experiments  on  the  utilization  of  carbon  compounds,  were 
carried  on  in  solution;  had  a  solid  medium  been  used,  a  better  growth  might 
have  been  obtained  with  the  poorer  sources  of  carbon  and  nitrogen. 

Sadium  nitrate.  Sodium  nitrate  was  used  as  the  only  source  of  nitrogen 
in  the  previous  investigations  on  the  utilization  of  carbon  compounds.  A. 
vialaceus-ruber,  A.  babili,  A.  griseus,  A.  scabies,  A,  verne,  A.  bavis,  A.  asteraides 
and  A.  reticuli  produced  only  a  scant  to  fair  growth  on  this  medium.  A.  viri- 
dachramagenus  and  A.  ruber  produced  a  fair  growth,  A.  aureus  and  A.  albus  an 
excellent  growth  in  30  days.  The  reaction  was  changed  in  nearly  all  cases  to 
alkaline,  only  A.  vialaceus-ruber  changing  it  to  slightly  acid  and  A.  asteraides 
to  distinctly  acid.  Few  actinomyces  produce  a  very  heavy  growth  with  Na 
NOs  as  a  source  of  nitrogen  and  glycerin  as  a  source  of  carbon,  many  produce 
a  fair  to  good  growth  and  many  a  scant  growth  in  solution.  When  agar  is 
added  to  the  medium,  the  growth  is  much  heavier. 

Sadium  nitrite.  Those  organisms  that  use  well  sodium  nitrate  as  a  source 
of  nitrogen,  will  grow  readily  on  sodium  nitrite,  with  very  few  exceptions,  es- 
pecially if  the  latter  is  present  in  low  concentrations  (0.02  per  cent  or  less) ; 
A.  aureus,  A.  vialaceus-ruber,  A.  scabies  and  A.  viridochramagenus  made  a  good 
growth  while  the  other  species  grew  only  scantily.  A .  violaceus^ruber,  A .  aureus, 
A.  viridachramagenus,  A.  scabies,  A.  verne,  and  A.  asteraides  changed  the  reac- 
tion of  the  medium  to  acid,  while  the  others  did  not  produce  any  change  in 
reaction  or  made  the  medium  faintly  alkaline.  A .  scabies  and  A .  viridackranuy- 
genus  produced  a  soluble  brown  pigment,  A.  griseus  a  yellowish  and  A.  viala^ 
ceus-ruber  2l  purple  pigment.  The  amoimt  of  growth  on  NaN02  is  not  so 
abundant  as  on  NaNOs,  due  to  the  fact  that  NaN02,  in  too  large  concentra- 
tions, exerts  a  toxic  efiFect  upon  the  organism.    Although,  in  this  experiment, 
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only  0.2  per  cent  of  NaNOs  was  used,  it  is  quite  possible  that  for  many  organ- 
isms, even  this  concentration  is  toxic.  If  the  concentration  of  NaNOa  is  re- 
duced too  much,  it  is  soon  exhausted  by  the  organism.  There  is  no  doubt 
that  the  organisms  that  reduce  nitrates  actively  will  grow  readily  with  NaNOt 
as  a  source  of  nitrogen,  when  present  in  not  too  large  concentrations;  while 
those  species  which  do  not  reduce  the  nitrates  appreciably  did  not  make  much 
of  a  growth  on  NaNOj,  in  the  concentrations  studied.  By  varying  the  con- 
centration of  the  NaNOs  from  5  to  500  mgm.  per  100  cc.  of  solution,  it  was 
found  that  most  spedes  grew  readily  in  the  low  concentrations,  using  up  all  the 
nitrite  in  a  few  days;  with  the  increase  in  concentration  of  the  NaNOj,  the  tox- 
icity was  increased  and,  at  the  highest  concentration,  most  species  refused  to 
grow  at  all,  while  few  made  some  growth.  Thus  the  different  species  vary  in 
their  ability  to  withstand  higher  concentrations. 

Ammonium  salts.  Ammonium  carbonate  and  ammonium  sulfate  offer 
rather  poor  sources  of  nitrogen  to  the  actinomycetes.  Only  A.  aureus  ^lade  a 
fair  growth  on  the  first  and  an  excellent  growth  on  the  second  in  30-40  da3rs  at 
25^.  A .  ruber  made  a  scant  growth  on  the  carbonate  and  a  fair  growth  on  the 
sulfate.  All  the  other  spedes  studied  made  none  or  only  a  very  scant  growth 
on  these  compoimds  with  glycerin  as  a  source  of  carbon.  With  dextrose  the 
growth  on  the  ammonium  salts  as  sources  of  nitrogen  was  much  more  abun- 
dant. Only  A,  reticuli  made  no  growth  on  the  sulfate  and  a  scant  growth  on 
the  carbonate  and  A.  madurae  grew  scantily  on  the  first  and  made  no  growth 
on  the  second  with  dextrose  as  a  source  of  carbon.  The  only  organism  that 
grew  well  (good)  on  the  sulfate  was  A.  scabies,  all  the  others  making  a  scant 
to  fair  growth  on  it.  \^th  ammonium  carbonate  as  a  source  of  nitrogen  and 
dextrose  as  a  source  of  carbon,  A  aureus  and  A.  violaceus-ruber  made  a  very 
good  growth,  A,  asteroides,  A.  viridochromogenus,  A.  verne  and  A.  scabies  made 
a  good  growth,  and  A .  bavis  and  A .  asteroides  gave  only  a  fair  growth.  In  the 
presence  of  ammonium  sulfate,  the  reaction  in  all  cases  became  acid,  both 
with  glycerin  and  dextrose  (Ph  changing  from  5.8  to  4.6-4.2  with  dextrose). 
The  same  thing  holds  true  for  the  ammonium  carbonate  (^4.  aureus  changing 
Ph  from  6.8  to  4.4),  only  A.  madurae,  A.  bovis,  and  A.  reticuli  changed  the  re- 
action in  the  presence  of  the  carbonate  to  slightly  alkaline.  The  limited 
growth  of  the  organism  on  the  ammonium  sulfate  medium  and  to  some  extent 
also  on  the  carbonte  is  no  doubt  due  to  the  fact  that  it  uses  up  the  cation  as  the 
source  of  nitrogen,  leaving  the  anion  in  the  medium.  This  results,  in  a  medium 
rather  poorly  buffered  (only  0.1  per  cent  K2HPO4),  in  a  distinct  change  in 
reaction,  so  that  it  soon  becomes  distinctly  add  and  below  the  maximum 
addity  at  which  the  organisms  can  grow.  It  was  pointed  elsewhere  and  will 
also  be  shown  in  another  connection  in  this  paper  that  the  limiting  Ph  (on  the 
add  side)  for  the  growth  of  the  actinomycetes  is  4.8-5.2.  In  the  case  of  am- 
monium sulfate  and  carbonate  media,  the  reaction  was  changed,  in  most  in- 
stances, to  Ph  4.2-4.6,  which  falls  below  the  maximum  addity  that  the  organ- 
isms can  tolerate,  this  leading  to  a  cessation  of  growth.    When  the  anmionium 
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is  offered  in  a  form  where  the  add  radical  is  used  up  as  well  (anunoniuin 
malate)y  the  amount  of  utilization  of  this  source  of  nitrogen  is  greatly  increased. 

Urea  and  acetamide.  Urea  and  acetamide  allowed  only  a  scant  growth  of 
most  actinomycetes,  with  glycerin  as  a  source  of  carbon.  A.  vMaceus-rubeTf 
A,  aureus  (acetamide  only),  A.  boibiU  (acetamide  only),  A.  scabies^  A,  ruber^ 
and  A.  viridockromogenus  (urea  only)  made  a  fair  to  good  growth.  The  reac- 
tion was  either  unchanged  or  changed  very  faintly  to  add  or  alkaline.  The 
utilization  of  urea,  as  a  source  of  nitrogen,  was  tested  with  dextrose  as  a  source 
of  carbon.  Most  organisms  made  here  also  only  a  faint  growth,  but  A.  tiota- 
ceus-ruber,  A.  aureus,  A.  viridockromogenus  and  i4.  asieroides  made  a  very  good 
to  excellent  growth.  The  change  in  reaction  was  in  all  cases  \o  alkaline  (Pb 
changed  from  Pa  7.4  as  high  as  Ph  8.6),  except  A.  wridockromogenus,  "vdiich 
left  the  medium  slightly  add.  The  utilization  of  a  definite  nitrogen  source 
depends  in  many  cases  on  the  source  of  carbon.  The  amides,  which  form 
rather  poor  sources  of  nitrogen  for  the  group  as  a  whole,  with  very  few  excq>- 
tions,  and  are  entirdy  valueless  as  sources  of  carbon,  will  show  distinct  varia- 
tion depending  on  the  source  of  carbon;  in  the  presence  of  a  good  soiuce  of  car- 
bon, some  spedes  may  make  a  very  good  growth;  this  fact  can  hdp  a  great 
deal  in  the  separation  of  the  different  organisms. 

GlycocoU,  GlycocoU  forms  a  good  to  very  good  source  of  nitrogen.  A. 
boris  and  A.  asieroides  were  the  only  two  spedes  which  did  not  make  any 
more  than  a  fair  growth  in  30  days  at  25^.  An  abundant  growth  was  accom- 
panied by  a  distinct  decrease  in  the  amino  nitrogen  content  of  the  medium, 
while  a  slight  growth  resulted  only  in  a  very  small  decrease.  This  fact  can 
be  used  to  advantage  to  measure  the  utilization  of  the  amino  adds  by  micro- 
organisms and  can  be  taken,  to  a  certain  extent,  as  an  indication  of  the  growth 
made.  A.  aureus.  A,  viridockromogenus  and  A.  reticuli  produced  a  brown 
pigment,  while  the  pigment  produced  by  A,  griseus,  A.  albus,  and  A.  bovis 
was  yellowish,  and  that  of  A.  violaceus-ruber  red,  in  30  da3rs.  The  reaction 
was  changed  in  most  instances  to  alkaline,  except  A.  violaceus-ruber  (P^ 
changed  from  7.1  to  6.4  in  15  da3rs  and  5.6  in  30  days)  and  A.  asieroides  (Ph 
from  7.1  to  6.4  in  30  days).  Most  organisms  produced  slight  quantities  of 
ammonia  from  glycocoll. 

Leucin.  Leudn,  as  well  as  asparagin  and  glycocoll,  offer  good  sources  of 
nitrogen  for  actinomycetes.  A.  bobili,  A.  scabies,  A.  ruber,  A.  viridockromo- 
genus and  A.  reticuli  produced  soluble  brown  pigments,  that  of  A,  aureus  and 
A,  griseus  was  yellowish  and  of  A,  violaceus-ruber  red.  These  same  pigments 
were  produced  by  these  organisms  on  asparagin.  The  utilization  of  the  nitro- 
gen in  leucin,  as  well  as  in  glycocoll  and  asparagin,  is  measured  by  the  decrease 
in  the  amino  nitrogen  content  of  the  medium.  Only  A.  scabies,  A.  bovis  and 
A.  asieroides  produced  traces  of  ammonia  in  the  leucin  cultures.  The  inter- 
esting point  to  be  noticed  here  is  the  decrease  of  the  hydrogen-ion  concentra- 
tion of  the  cultures  (the  reaction  becoming  always  more  or  less  add.  Pa  was 
changed  from  7.3  by  A.  scabies  to  7.1  in  30  days  and  A.  violaceus-ruber  to  5.6 
in  same  period,  all  other  spedes  falling  between  these  two). 
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Asparagin.  Only  A.  bohUi  and  A.  asteroides  grew  scantily  on  this  source  of 
nitrogen  and  all  the  other  species  made  a  fair  to  excellent  growth.  Ammonia 
was  produced  readily  by  most  spedes  in  appreciable  amounts,  so  that  this 
compound  can  be  used  more  readily  than  the  other  two  for  testing  the  ammonia- 
produdng  power  of  actinomycetes.  The  reaction  was  changed  in  most  cases 
to  alkaline,  except  A.  fnclaceus-rvber^  A.  aureus^  A,  viridockromogmus  and  A. 
asteroides  that  changed  it  to  add. 

Aqparagin,  as  wdl  as  the  amino  adds,  is  used  readily  as  a  source  of  car- 
bon and  nitrogen.  In  the  absence  of  any  other  available  source  of  carbon  the 
organisms  grew  very  readily  on  asparagin,  which  served  as  a  source  of  both 
carbon  and  nitrogen. 

Fibrin^  casein^  egg-albumin  and  peptone.  Cultures  containing  proteins  or 
peptone  as  sources  of  nitrogen  allow  a  maximum  growth  of  actinomycetes. 
Only  A.  bobili  and  A.  reticidi  produced  a  scant  growth  on  egg-albumin  in  15 
days,  the  growth  becoming  good  in  50  da3rs;  otherwise  it  was  chiefly  good  or 
very  good.  Most  of  the  spedes  studied  produced  a  yellow  to  brown  soluble 
pigment,  except  A,  violaceus-^uber,  which  produced  a  red  or  blue  pigment  de- 
pending on  the  reaction  of  the  culture;  A.  veme  produced  a  brownish  pigment 
only  on  peptone.  A,  albus,  a  yellowish  pigment  on  fibrin  and  casein  and  A. 
asteroides  no  pigment  at  all.  The  reaction  was  changed  on  fibrin,  in  most 
cases,  to  add,  except  A.  borns^  A.  veme,  A.  ruber  and  A.  scabies;  on  casein  to 
add,  with  the  same  exceptions,  induding  A.  bobili;  on  peptone  to  add  with  the 
same  exceptions  as  on  fibrin,  also  A.  albus;  on  egg  albumin  the  reaction  of  the 
cultures  studied  was  changed  to  add,  except  A.  griseus^A.  ruber  and  A. bobili, 
A.  scabies,  A,  veme,  A.  bovis,  and  A.  reticuli,  which  left  the  reaction  unchanged 
or  made  the  medium  more  alkaline.  These  four  organisms,  A.  bovis,  A.  veme, 
A.  scabies  and  A.  ruber  changed  the  reaction  of  the  cultures  containing  different 
proteins  or  peptone  always  to  alkaline,  while  other  organisms  such  as  A.vuh 
laceus-ruber,  A.  asteroides,  A.  aureus,  A.  viridochromogenus  changed  the  same 
media  always  to  add.  The  proteins  and  peptone  were  hydrolyzed  to  some 
extent  by  the  organisms  (directly  or  by  means  of  enzymes)  to  amino-nitrogen 
rich  compounds,  although  no  general  condusion  can  be  drawn  here,  since  some 
spedes  affected  a  greater  splitting  of  one  protein  and  others  of  another.  Am- 
monia was  readily  produced  by  different  organisms  from  the  different  proteins. 

Casein,  fibrin,  asparagin,  and  other  proteins  and  amino  adds  can  be  used 
as  sources  of  both  carbon  and  nitrogen.  Most  species  grew  very  rapidly  on 
these  proteins  and  amino  adds,  in  the  absence  of  any  other  carbon  compounds, 
deriving  from  them  both  their  energy  and  their  nitrogen  supply.  The  reaction 
usually  becomes  alkaline  probably  because  of  the  accimiulation  of  anmionia 
in  the  medium.  The  amino-nitrogen  content  of  the  media  containing  the  pro- 
teins increases  considerably  and  decreases  in  the  media  containing  the  amino 
adds,  which  is  readily  explained  by  the  metabolism  of  these  organisms. 

Creatinine.  All  spedes  tested  produced  a  "fair"  to  "good"  growth  in  solu- 
tion on  creatinine  as  the  only  source  of  nitrogen.    The  reaction  of  the  mediiun 
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was  changed  in  most  cases  to  faintly  acid;  A.  205  produced  a  characteristic 
yellow  pigment;  A.  violaceus-ruher  a  bluish  and  the  few  chromogenus  species 
a  brownish  pigment. 

Tyrosin.  The  utilization  of  tyrosin  as  a  source  of  nitrogen  was  tested  both 
on  agar  and  in  solution,  with  saccharose  and  glycerin  as  sources  of  carbon. 
Most  species  grew  readily  on  agar,  but  only  A.  scabies  and  A.  205  produced  a 
soluble  brown  pigment,  indicating  that  only  these  two  spedes  produced  tyro- 
sinase. Not  all  the  strains  of  A.  scabies  produced  the  brown  pigment  on  tyro- 
sin; the  strains  isolated  by  the  writer  did  it  readily,  while  those  obtained  from 
other  sources,  particularly  when  grown  for  several  years  on  artificial  media, 
seem  to  have  lost  that  property  or  produced  only  a  faint  brown  pigment. 
When  all  the  species  that  produced  soluble  brown  pigments  on  organic  media 
were  tested  in  tyrosin  solution  (synthetic  solution  containing  glycerin  and  free 
from  any  other  sources  of  nitrogen),  A.  scabies  produced  a  deep  brown  color, 
A.  viridockromogenus,  A.  pheochromogenus  and  A.  205  produced  faint  brown 
pigments  while  A.  violaceus-ruber  produced  a  soluble  blue  color.  The  growth 
of  all  the  species  was  fair  to  good. 

We  can  thus  readily  see  that  the  production  of  a  brown  pigment  on  protein 
media  is  not  a  result  of  the  action  of  tyrosinase  alone,  since  this  pigment  b 
formed  only  by  few  species  from  tyrosin,  while  several  other  species  are  able  to 
produce  a  soluble  brown  pigment  on  tyrosin-f ree  media,  such  as  the  media  con- 
taining the  other  amino  acids,  inorganic  nitrogen  salts  and  proteins  free  from 
tyrosin.  The  only  conclusion  that  we  can  make  here  would  be  that,  as  Bei- 
jerinck  (3)  suggested,  tyrosinase  is  a  mixture  of  two  enzymes,  both  of  which 
are  produced  by  A.  scabies  and  the  other  species  producing  the  pigment  on 
tyrosin;  the  other  species  producing  pigments  on  other  amino  adds  and  pro- 
teins are  able  to  produce  oxidases  which  can  form  brown  pigments  from  organic 
substances  free  from  tyrosin.  This  fact  can  be  further  emphasized  by  the 
fact  that  a  few  species  can  produce  soluble  pigment  induding  brown  (A.  exfoli- 
atus)  on  inorganic  media,  free  from  any  traces  of  proteins  or  amino  adds. 

Aerial  mycelium  was  formed  by  most  of  the  species  tested  on  the  different 
nitrogen  media,  except  A,  verne  and  A,  bobilij  which  did  not  form  any  aerial 
mycelium  on  all  these  media;  A.  scabies  produced  aerial  mycelium  only  on 
casein  and  A,  hovis  on  casein  and  egg-albumin. 

MUk  (table  3).  The  milk  cultures  of  the  actinomycetes  present  interesting 
differences,  these  depending  on  the  proteolytic  powers  of  the  spedes.  A  com- 
plete discussion  of  this  subject  will  be  found  elsewhere  (43). 

The  chemical  changes  produced  in  milk  due  to  the  action  of  actinomycetes 
can  be  used  in  the  identification  of  the  different  species.  One  group  of  organ- 
isms, including  A,  griseus.  A,  poolensiSy  A,  madurae,  A.  rubers  and  A.  206, 
which  coa^ated  the  milk  in  3-5  days,  soon  begin  to  peptonize  the  curd,  and 
have  it  all  digested  in  about  10  days.  The  amount  of  amino-nitrogen  and 
ammonia  produced  by  these  organisms  is  very  great,  as  for  example,  il.gmfus 
converted  in  15  days  57.7  per  cent,  A.  madurae  59.8  per  cent  and  A.  poolensis 
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34.6  per  cent  of  the  nitrogen  of  the  milk  into  amino  nitrogen.  A,  griseus  con- 
verted 23.3,  A,  poolensis  21.8,  A,  ruber  20.1  and  A.  206,  23.0  per  cent  of  the 
nitrogen  of  the  milk  into  ammonia  in  40  days.  The  reaction  of  the  milk  was 
changed  by  these  species  to  the  most  alkaline. 

The  second  group  of  organisms  contains  those  species  that  coagulate  the  milk 
rapidly,  but  peptonize  the  curds  slowly,  so  that  in  most  cases  the  curd  is  not 
digested  even  in  45  days.  We  would  include  in  this  group  A .  retictdiy  A .  relic- 
ulus-rubery  A.  rutgersensis,  A.  161  and  A,  145.  It  would  seem  that 
these  organisms  produce  as  strong  a  rennet-like  enzyme  as  the  first  group  of 
organisms,  but  a  weaker  proteolytic  enzyme,  which  therefore  accounts  for 
the  slow  peptonization  of  the  curd.  These  species  are  further  characterized, 
in  most  instances,  by  the  fact  that  the  reaction  of  the  milk  is  either  unchanged 
as  in  the  case  of  i4.  retictdi  and  A,  145,  or  made  only  faintly  alkaline. 

Several  species,  namely  A.  128,  A,  hominis,  A.  viridochromogenus,  A. 
diastaiicus,  SLnd  A.  verne  stand  between  the  two  groups,  producing  a  rapid  coag- 
ulation, while  the  peptonization  is  more  slow  than  for  group  1  and  more  rapid 
than  for  group  2. 

A.  f radii,  A,  lipmanii,  A.  bovis,  A.  scabies,  A.  96,  A.  citreus  and  A. 
luieus  coagulate  the  milk  only  in  10-12  days,  followed  by  a  rather  rapid  pep- 
tonization. These  organisms  are  characterized  by  an  alkalinity  lower  than 
that  of  group  1  but  higher  than  that  of  group  2,  no  doubt  due  to  the  fairly 
rapid  digestion  of  the  clot. 

A  fourth  group  would  comprise  those  species  which  do  not  coagulate  the 
milk,  but  hydrolyze  it  without  previous  coagulation.  Here  we  would  include 
A.  albtis,  A.  exfoliaius,  A.  violaceus-ruber,  A.  bobili,  A.lavendtdae,  A.roseus 
and  A.  alboflavus.  These  are  all  characterized  by  a  very  high  alkalinity.  It 
is  very  possible  that  the  lack  of  coagulation  is  not  due  to  the  lack  of  a  rennet- 
like enzyme,  but  merely  to  the  fact  that  the  digestion  of  the  casein  of  the 
milk  proceeds  rapidly  at  its  early  stages,  so  that  coagulation  is  not  observed 
or  is  absent.  That  some  of  the  organisms  that  coagulate  the  milk  may  pro- 
duce hydrolysis  without  clotting  can  also  be  concluded  from  the  fact  that  a 
few  cultures  {A.  citreus,  A,  168  and  A.  205)  produced  hydrolysis  of  the  milk 
in  some  cases  while  in  other  cases  the  same  species  produced  a  clot  and  then 
digested  it. 

Some  of  these  species  included  in  this  group  were  found,  on  further  study, 
to  be  able  to  produce  a  clot  in  the  milk  under  certain  conditions,  depending 
on  the  temperature  of  incubation,  amount  of  inoculum  and  mother  culture. 
The  effect  of  environmental  conditions  on  the  metabolism  of  actinomycetes  is 
taken  up  elsewhere  (43).  Finally  we  find  a  few  species  that  seem  to  have  no 
visible  action  upon  the  milk,  although  some  digestion  of  the  milk  proteins 
has  taken  place;  A.  aureus  and  A.  aster  aides  would  belong  to  this  group.  The 
reaction  of  the  milk  became  in  most  instances  alkaline  and  in  no  case  acid, 
although  several  species  produced  no  change  in  the  reaction  of  the  milk. 
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The  cultures  reported  above  were  all  incubated  at  37^;  at  this  temperature 
there  is  hardly  any  visible  growth,  although  the  action  on  the  milk  is  very  defi- 
nite. At  25^  most  species  readily  produce  on  milk  a  visible  growth  accompan- 
ied by  characteristic  reactions,  but  these  reactions  are,  for  many  species,  not 
the  same  as  those  obtained  at  25^.  A  glance  at  table  3  reveals  this  fact. 
The  difference  in  reaction  upon  the  milk  at  25^  and  37^  is  explained  by  differ- 
ence in  growth,  enzyme  production  and  activity  of  the  enzymes  at  the  two  dif- 
ferent temperatures.  So,  for  example,  A .  madurae  and  A .  hominis  which  grow 
more  readily  at  the  higher  temperature,  will  produce  at  that  temperature  a 
more  rapid  clot  formation  followed  by  the  peptonization  of  the  dot;  A.  tavern 
dulae,  which  grows  more  readily  at  the  lower  temperature,  will  hydrolyze  the 
milk  in  a  shorter  period  of  time.  The  changes  in  reaction,  with  very  few 
exceptions,  run  parallel  at  both  temperatures,  although  for  37^  only  an  approxi- 
mate change  is  given  while  for  25^  the  exact  reaction  is  reported.  The  species 
belonging  to  the  ckromogenus  groups  possess  a  rather  weak  proteol3rtic 
power.  All  these  species,  when  grown  on  milk  at  25^,  produced  a  surface 
brown  to  black  ring  accompanied  by  an  imperfect  dot  formation  and  scant 
digestion;  the  amino-nitrogen  content  of  the  milk  was  rather  low  and  the 
reaction  quite  alkaline  (++  to  +  ++). 

Gdaiin  (table  4).  Fifteen  per  cent  gelatin  in  distilled  water  offers  a  good 
medium  for  the  study  of  actinomycetes.  All  the  spedes,  with  the  exception 
of  A.  asteroides,  liquefied  the  gelatin  in  30-40  days  at  18^.  But  the  rapidity 
of  liquefaction  and  the  production  of  a  soluble  pigment  are  characteristic  of 
the  species,  although  these,  particularly  the  rapidity  of  liquefaction,  may 
change  to  some  extent  on  continued  cultivation  upon  artifidal  culture  media. 
The  rapidity  of  liquefaction  is  also  influenced  by  the  temperature  of  incuba- 
tion. If  the  reaction  of  the  gelatin  is  not  adjusted,  the  culture  becomes  in 
most  cases  more  alkaline,  with  very  few  exceptions.  The  gelatin  is  hydro- 
lyzed,  as  a  result  of  the  growth  of  the  organisms,  with  an  increase  in  the  amino 
nitrogen  content  of  the  medium.  On  the  addition  of  1  per  cent  starch  to  the 
gelatin,  the  latter  is  usually  split  to  a  smaller  extent,  while  the  hydrogen-ion 
concentration  of  the  culture  is  usually  greater  (more  add)  than  in  the  absence 
of  starch.  Nearly  all  the  spedes  are  able  to  utilize  gelatin  as  a  source  of  both 
carbon  and  nitrogen.  In  the  presence  of  an  available  carbohydrate,  the  gela- 
tin is  used  only  as  a  source  of  nitrogen  and  therefore  is  hydrolyzed  to  a  lesser 
extent. 

Glucose  broth  (table  4).  The  ordinary  glucose  broth  offers  a  very  good  me- 
dium for  the  cultivation  of  most  species,  although  the  growth  itself  is  not  char- 
acteristic. The  growth  is  usually  accompanied  by  an  increase  in  the  amino 
nitrogen  content  of  the  medium,  a  change  in  the  hydrogen-ion  concentration, 
depending  on  the  initial  reaction,  and  by  the  production  of  a  soluble  pigment. 
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THE  REACTION  OF  THE  MEDIUM 

A  detailed  study  on  the  influence  of  reaction  upon  the  growth  of  actinomy- 
cetes  and  the  change  of  reaction  of  culture  media  has  been  published  elsewhere 
(43).  The  reaction  was  determined  as  the  hydrogen-ion  concentration  meas- 
ured by  the  hydrogen  electrode  or  phenol-sulphone-phthalein  series  of  indi- 
cators. The  limiting  hydrogen  ion  concentrations  are  about  Ph  5.0  and  Pb 
9.0  for  the  group  as  a  whole,  although  several  species  (A.  reticulus-ruber)  are 
able  to  grow  at  higher  hydrogen-ion  concentrations  (Ph  4.6-4.8) ;  the  opti- 
mum reaction  is  at  Pb  7.0-7.8.  In  most  cases,  if  the  initial  reaction  of  the 
medium  is  too  acid,  it  is  made,  in  the  course  of  the  growth  of  the  organisms, 
more  alkaline,  tending  to  bring  the  reaction  toward  the  optimum;  if  the  reac- 
tion of  the  medium  is  too  alkaline,  it  is  made  more  acid,  also  tending  toward 
the  optimum.  So  we  find  that  gelatin  having  a  Pb  equal  to  6.2  and  milk  of  a 
similar  reaction  are  changed  in  the  majority  of  cases  to  a  more  alkaline  reac- 
tion; while  glucose  broth  which  is  originally  alkaline  (Pb  7.9)  is  changed,  in  the 
majority  of  cases,  to  a  more  acid  condition.  But  this  is  not  the  rule,  since 
several  species  are  able  to  leave  even  distinctly  acid  media  unchanged  or  make 
them  even  slightly  more  acid. 

The  change  of  reaction  of  the  medium  depends  on  the  nitrogen  source  and 
the  amount  of  buffer  in  the  medium.  When  anunonium  sulfate  is  present 
and  the  mediimi  is  rather  poorly  buffered  (only  0.1  per  cent  K2HPO4)  the 
mediimi  soon  turns  distinctly  acid  (Pb  4.4-4.8),  stopping  any  further  growth 
of  the  organisms.  The  same  holds  true  for  other  salts  of  ammonia,  where  the 
add  radical  is  not  used  up  at  the  same  time.  In  the  case  of  ammonium  salts 
of  organic  acids,  such  as  ammonium  malate,  where  the  ammonium  is  used 
as  a  source  of  nitrogen  and  the  malate  as  the  only  source  of  carbon,  the  reaction 
always  changes  to  alkaline  due  to  the  fact  that  the  malate  is  used  up  more 
readily  as  a  source  of  energy  than  the  ammonia  as  a  source  of  nitrogen,  the 
energy  requirement  of  the  organisms  being  greater  than  that  of  nitrogen. 

Ammonium  carbonate  is  used  also  much  more  readily  than  the  sulfate, 
because  the  hydrogen-ion  concentration  is  increased,  in  most  cases,  to  a  smaller 
extent.  This  is  readily  explained,  since  carbonic  acid  is  much  less  ionized  than 
sulfuric  acid  (or  hydrochloric),  hence  we  would  expect  that  the  ammonium 
salts  of  a  weakly  dissociated  acid,  even  if  the  acid  radical  is  not'  used  by  the 
organisms,  would  offer  better  sources  of  nitrogen  than  the  salts  of  strong  acids, 
because  the  latter  will  make  the  reaction  of  the  medium  distinctly  more  acid, 
unless  a  large  amount  of  buffer  is  present. 

When  sodiimi  nitrate  is  present  as  the  only  source  of  nitrogen  the  reaction 
is  changed,  in  most  cases,  with  nearly  all  sources  of  carbon  to  more  alkaline. 
With  sodium  nitrite,  the  reaction  is  changed,  in  most  cases,  to  more  acid. 
This  is  explained  (43)  by  the  assumption  that  most  species  reduce  the  nitrate 
to  nitrite  and  use  the  nitrogen  in  that  form;  in  the  process  of  reduction  the 
liydrogen  tension  of  the  medium  would  be  decreased,  this  tending  to  a  lower 
liydrogen-ion  concentration  or  a  more  alkaline  reaction. 

•oil.  flCICNCK,  VOL.  VIII,  NO.   2 
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In  the  presence  of  organic  nitrogenous  substances,  the  medium  may  become 
either  alkaline  or  acid  depending  on  the  initial  reaction  of  the  medium  and 
the  organisms.  When  the  medium,  richly  buffered  with  proteins,  such  as 
milk,  gelatin,  glucose  broth,  etc.,  is  acid  to  start  with,  it  will  become  in  most 
instances,  more  alkaline;  when  it  is  alkaline  to  start  with,  it  tends,  in  many 
instances,  to  become  more  add.  The  presence  of  certain  nitrogenous  sub- 
stances, such  as  leucin,  tyrosin,  creatinine,  tend  to  leave  the  medium  always 
more  acid,  to  a  greater  or  less  extent,  at  least  with  certain  carbohydrates. 
Some  species  {A,  scabies)  tend  to  turn  the  medium,  in  the  presence  of  proteins 
or  peptones  always  more  alkaline,  other  species  (^4.  aster  aides  ^  A.  145)  usually 
make  the  reaction  of  the  same  media  more  add.  It  should  be  noted  here 
that  any  figure  in  the  paper  endosed  in  parentheses  refers  to  the  last  word 
only. 

INFLUENCE  OF  TEMPE1LATUIU& 

The  influence  of  temperature  upon  distribution  and  growth  of  microorgan- 
isms is  an  important  factor  in  the  study  of  a  particular  group.  It  was  first  of 
all  important  to  find  out  the  maximum  and  minimum  temperatures  for  the 
growth  of  actinomycetes,  and  then  the  temperatures  which  destroy  the  spe- 
des  studied.  Glucose  broth  was  used  for  the  cultivation  of  the  spedes.  Most 
organisms  were  found  to  grow  readily  at  temperatures  ranging  from  15^  to 
37^,  the  higher  temperature  favoring  a  more  rapid  growth,  so  that  a  certain 
species  would  require  10-15  da3rs  to  give  the  same  amount  of  growth  at  IS- 
IS** as  it  would  give  at  37**  in  24-48  hours.  Particularly  is  this  true  of  A. 
madurae,  A.  haminis  and  A,  bovis,  which  grew  readily  at  the  higher  tempera- 
ture and  very  slowly  at  the  lower  temperature.  At  40°,  A.  bards,  A.  scabies, 
A .  ruber  and  A .  vialaceus-ruber  made  a  scant  and  A .  griseus  a  fair  growth.  At 
45**  none  of  these  five  organisms  made  any  growth  at  all. 

A .  griseus,  A ,  bavis,  A .  scabies,  A .  ruber  and  A .  vialaceus-ruber  were  grown  on 
glucose  broth  at  25°  for  8  days.  The  cultures  were  then  kept  for  1  hour  at 
70°,  75°,  80°  and  90°;  and  then  tested  for  sterility  by  inoculating  from  the 
glucose  broth  upon  glucose  agar  and  nutrient  agar.  All  the  5  cultures  sur- 
vived 70°  and  75°  for  1  hour.  A.  bavis  was  killed  and  the  other  4  spedes  sur- 
vived a  temperature  of  80°  for  1  hour.  Only  A.  griseus  survived  a  tempera- 
ture of  90°  for  1  hour.  The  mycelium  is  destroyed  at  lower  temperatures  than 
the  spores,  so  that,  at  90°,  A,  griseus  survived  only  in  the  spore  form,  while 
the  mycelium  was  destroyed;  the  mycelium  of  A,  scabies  seems  to  be 
destroyed  at  80°,  although  the  spores  survive  that  temperature  and  are 
destroyed  at  90°. 

A  temperature  of  75°  is  sufficient  to  destroy  the  rennetic  enzyme  of  these 
organisms.  A .  griseus  milk  cultures  added  to  fresh  sterilized  milk  and  kept  for 
24-48  hours  at  75°  gave  no  action  upon  the  milk.  The  temperature  has  an 
effect  not  only  upon  the  rapidity  of  dotting  and  subsequent  peptonization  of 
the  milk  by  the  cultures  but  also  upon  the  mode  of  action.    Twenty  tubes  of 
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Sterile  milk  were  inoculated  with  A.  griseus  and  20  tubes  with  A.  exfoliaiuSf 
and  10  tubes  of  each  culture  placed  at  37^  and  at  25^.  At  37^,  all  the  ii.  gri- 
seus  cultures  formed  a  dot  in  5-6  days  and  digestion  began  in  6  days  and  was 
nearly  completed  in  10  days.  Of  the  10  cultures  of  A.  exfoliatus,  3  clotted  in 
9  days  and  all  were  clotted  in  13  days;  the  digestion  of  the  milk  in  these  cultures 
began  in  13  days  and  was  not  completed  in  30  days.  At  25^,  of  the  10  A. 
gtiseus  milk  cultures,  2  clotted  in  6  days  and  all  clotted  in  10  da3rs;  peptoniza- 
tion of  the  clot  began  soon  after  this  was  formed  and  was  completed  in  14-15 
days.  A.  exfoliatus  produced  no  clot  on  the  10  tubes  at  25^  but  hydrolysis 
of  the  milk  became  apparent  in  25  days  and  most  of  the  tubes  cleared  up  in 
30-35  days. 

PRODUCTION  OF  ENZYMES 

With  the  exception  of  the  rennetic  and  proteolytic  enzymes,  as  wss  shown 
elsewhere,  no  attempts  were  made  to  isolate  the  enzymes  of  the  different 
actinomycetes.  Most  species  produce  readily  diastatic,  rennetic  and  pro- 
teolytic enzymes.  Some  produce  a  cellase,  as  demonstrated  by  the  cellulose 
plate  method;  invertase  is  produced  only  by  a  few  spedes. 

The  production  of  tyrosinase  has  been  pointed  out  in  another  connection  in 
this  paper.  The  hemolysis  of  the  blood  is  no  doubt  accomplished  by  an  hemp- 
lysin-like  enzyme,  which  is  produced  by  the  most  active  proteolytic  species. 
The  proteolytic  enzyme  liquefies  and  splits  gelatin  readily;  casein  is  readily 
hydrolyzed;  the  fact  that  coagulated  blood  serum  is  liquefied  while  coagulated 
^g-albumin,  with  very  few  exceptions,  is  not  liquefied  by  many  species  would 
seem  to  indicate  that  the  former  is  attacked  by  the  proteolytic  enzyme,  while 
the  latter  is  not.  When  milk  cultures  of  a  few  species  were  filtered  and  fil- 
trates precipitated  by  means  of  alcohol,  preparations  were  obtained  which 
X>08sessed  very  active  rennetic  and  proteolytic  properties. 

SUMMARY  OF  COMPARATIVE  CULTURAL  DATA 

1.  All  the  actinomycetes  can  be  grown  readily  in  artificial  culture  media, 
both  synthetic  and  organic. 

2.  Some  species  show  distinctive  cultural  differences  when  grown  in  arti- 
ficial media  soon  after  isolation  from  natural  substrata  and  after  they  were^ 
kept  in  culture  for  a  number  of  years.    This  is  true  only  of  some  species  and 
not  of  all  of  them. 

3.  Arabinose  is  not  assimilated  by  most  species.  Dextrose,  maltose,  lactose, 
™*Dmte,  glycerin  and  starch  are  readily  assimilated  by  most  species  to  a  greater 
or  less  extent,  very  few  cultures  producing  only  a  scant  growth  on  these  sources 
of  carbon;  saccharose  is  assimilated  readily  by  some  species,  although  nearly 
all  organisms  made  some  growth  on  this  source  of  carbon,  particularly  in  agar 
media.  Cellulose  is  readily  assimilated  only  by  some  species.  Inulin  is 
leadHy  assunilated  by  most  species. 
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4.  NaNQs  is  assimilated  by  all  species  in  the  presence  of  a  favorable  source 
of  carbon.  NaNOs  is  readily  assimilated  by  most  species  but  only  in  very 
low  concentrations.  Ammonium  salts  are  assimilated  readily  only  by  very 
few  spedes,  but  in  the  presence  of  favorable  sources  of  carbon,  such  as  dex- 
trose, they  are  assimilated  to  some  extent  by  many  species.  Urea  and  aoet- 
amide  are  assimilated  only  to  a  very  small  extent,  and  only  few  organisms 
make  a  very  good  growth  on  these  sources  of  nitrogen.  The  proteins  and 
amino  adds  form  the  best  sources  of  nitrogen  for  most  actinomycetes;  creati* 
nine  is  readily  used,  but  not  to  such  an  extent  as  the  proteins. 

5.  Most  actinomycetes  grow  readily  on  milk.    Very  few  produce  any  visible 
surface  growth  at  37^,  but  produce  a  good  growth  at  25^;  the  milk  is  usually^ 
dotted  and  peptonized;  few  spedes  hydrolyze  the  milk,  without  any  previous 
dotting  and  some  produce  no  visible  action  upon  the  milk;  the  hydrol3rsis  and 
the  lack  of  visible  action  upon  the  milk  by  some  spedes  is  not  absolute,  since 
some  of  these  cultures  may  at  other  times,  particularly  at  favorable  tempera— 
tures,  dot  and  peptonize  the  milk.    The  reaction  of  the  milk  is  usually  changed, 
to  alkaline;  no  spedes  renders  the  milk  add,  while  a  few  do  not  change  thi^ 
reaction  of  the  milk. 

6.  Gelatin  in  distilled  water  forms  a  good  medium  for  nearly  all  spedes. 
The  gelatin  is  liquefied  by  nearly  all  spedes  with  different  rapidity,  with  or- 
without  the  production  of  a  soluble  brown  pigment  in  the  liquefied  and  often 
unliquefied  portion. 

7.  Some  spedes  are  characterized  by  the  production  of  a  brown  pigment  in 
gelatin  as  well  as  in  other  media  containing  proteins  or  amino  adds;  this  pig- 
ment is  not  due  to  the  action  of  tyrosinase  only,  since  on  tyrosin  only  a  few 
spedes  produced  the  pigment,  while  the  latter  was  also  produced  in  media 
not  containing  tyrosin. 

8.  Blood  serum,  blood  agar  and  whole  egg  form  good  media  for  the  cultiva- 
tion of  most  spedes;  liquefaction  of  the  coagulated  serum,  hemol3rsis  of  the 
blood  and  the  production  of  a  soluble  purple  to  black  pigment  on  all  the  three 
media  is  characteristic  of  several  spedes. 

9.  Potato  and  carrot  can  be  readily  used  for  the  cultivation  of  most  spedes, 
some  of  which  produce  a  characteristic  growth. 

10.  The  optimum  range  of  temperature  for  the  growth  of  most  actinomycetes 
is  30-37°.  The  lower  the  temperature,  the  slower  is  the  growth  of  the  organ- 
isms. Above  37°,  the  growth  rapidly  diminishes  and  at  45°  only  one  organism 
made  a  scant  growth.  A  temperature  of  80°  for  1  hour  is  suffident  to  kill 
most  spedes;  only  one  form  (A.  griseus)  survived  that  temperature  and  was 
killed  when  kept  at  90°  for  1  hour.  The  character  of  the  growth  and  biochem- 
ical activities  may  vary  somewhat  with  the  different  temperatures. 

11.  Most  of  the  actinomycetes  are  very  active  proteolytically,  splitting  the 
proteins  to  amino  adds  and  ammonia.  In  this  respect  they  differ  somewhat 
from  some  molds  and  some  bacteria  which  produce  a  great  deal  of  ammonia 
as  a  final  product.    The  protein  hydrolysis  may  stop  at  the  amino  add  (poly- 
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peptide)  stage  and  very  little  of  it  may  be  reduced  to  ammonia,  particularly  in 
a  short  period  of  incubation;  when  the  period  of  incubation  is  prolonged  (30- 
60  days)  very  large  quantities  of  ammom'a  accimiulate. 

12.  Most  actinomycetes  reduce  nitrates  to  nitrites,  depending  on  the  source 
of  carbon;  some  species  do  that  only  to  a  very  limited  extent  and  with  one  or 
two  sources  of  carbon,  while  others  reduce  nitrates  readily  with  practically  all 
sources  of  carbon.  The  nitrite  production  seems  to  be  a  step  of  the  utiliza- 
tion of  the  nitrate  nitrogen  for  at  least  some  organisms;  this  may  explain  the 
absence  of  nitrites  in  certain  cases,  since  the  nitrite  is  assimilated  by  the 
organism  as  soon  as  formed.  The  organisms  that  reduce  nitrates  readily 
can  use  nitrites  as  the  only  source  of  nitrogen,  when  present  in  small  amounts. 

13.  The  following  enzymes  are  produced  by  most  actinomyces  species:  rennet 
like,  proteolytic  and  diastatic  enz3anes.  Inulase  and  invertase  are  produced 
only  by  certain  species,  and  tyrosinase  by  very  few.  The  hemolysis  of  blood 
and  the  utilization  of  cellulose  may  also  be  brought  about  by  the  particular 
enzymes. 

14.  In  summarizing  the  cultural  and  biochemical  studies,  the  following 
media  can  be  recommended  for  a  starting  point  in  studying  and  identif3dng  the 
different  species: 

(a)  Synthetic  agar  No.  1  and  glucose  agar  (Krainsky's)  as  standard  syn- 
thetic media;  temperature  of  incubation  22-25^,  period  of  incubation  7-15 
days. 

(b)  Gelatin,  15  per  cent,  in  distilled  water;  reaction  imadjusted;  tempera- 
ture of  incubation  16-18^;  period  of  incubation  30  days. 

(c)  Skimmed  milk;  temperature  of  incubation  25^  and  37^;  observations  to 
be  made  daily. 

(d)  Potato  plugs  at  25**  for  7-15  days. 

(e)  Starch  agar  at  25^  for  10-15  days,  test  for  diastatic  power. 

(f)  Nutrient  agar,  25**  for  7-15  days  (optional). 

(g)  T)rrosin  solution,  25°  for  15-20  days  (optional). 

(h)  Loeffler's  blood  serum,  37°  for  7-15  days  (optional). 

VARIABILITY 

The  species  of  Actinomyces  are  among  the  most  variable  groups  of  micro- 
organisms; in  the  study  of  actinomycetes,  as  well  as  bacteria,  not  only  the 
influence  of  the  mediimi  and  previous  substrata  on  which  the  particular  species 
were  grown,  but  the  great  variability,  within  rather  wide  limits,  of  the  species 
or  rather  "species  group"  itself  should  be  considered.  When  the  same  culture 
grown  on  different  artificial  culture  media  for  a  period  of  time,  and  often  even 
for  one  short  generation,  is  studied  morphologically  and  physiologically, 
notable  variations  are  observed,  so  that  the  untrained  observers  would  be  apt 
to  take  these  as  representing  different  forms.  Often  several  strains  of  the  same 
''species  group,"  when  compared  on  the  same  culture  mediimi,  might  be  taken 
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culturally  and  often  morphologically  as  distinctly  different  species.  Quite 
often  one  culture,  on  the  same  mediimi,  under  the  same  conditions  of  tempera- 
ture and  length  of  incubation,  will  show  distinctive  differences.     * 

How  shall  then  the  limits  of  variability  of  a  particular  species  be  defined? 
The  morphological  characters  alone  would  be  far  from  sufficient.  First  of  ally 
the  substratimi  myceliimi  is  not  very  characteristic  and  is  quite  uniform  for 
many  species;  only  the  aerial  myceliimi  shows  the  distinctive  morphological 
characters.  But  the  aerial  myceliimi  may  often  not  be  produced  at  all  by  sev- 
eral species;  others  may  not  form  any  aerial  mycelium  on  certain  media,  while 
forming  it  on  others;  still  other  species  may  lose  the  ability  to  form  the  aerial 
mycelium  altogether  on  continued  cultivation  on  artificial  culture  media. 
Then,  the  same  culture  may  show  slight  differences  in  morphology  on 
the  same  medium  at  different  periods,  or  at  one  period  on  the  different 
media.  Even  more  striking  than  the  morphological  are  the  physiolog- 
ical variations.  These  depend  chiefly  on  the  substratum  of  the  mother 
culture,  temperature  and  length  of  incubation,  amount  and  kind  of  inocu- 
lum (vegetative  or  aerial  mycelium  or  spores).  For  example,  a  certain 
culture  (A,  griseus)  may  at  one  time  dot  the  milk  at  37^  in  2  days  and  then 
peptonize  it  (dissolve  the  dot)  in  5-6  da3rs;  at  another  time,  the  same  culture, 
under  the  same  conditions,  will  dot  the  milk  only  in  5-6  days,  then  peptonize 
it  in  12-15  days;  while  at  a  third  time,  some  tubes  may  not  show  any  dot  at 
all,  and  the  milk  is  hydrolyzed  (deared  up  without  any  previous  dot).  An- 
other culture  (A .  exfoliatus)  may  show  persistently  an  ability  to  hydrol3rze  milk 
without  forming  any  dot  at  37^,  then  it  may  form  a  very  good  dot,  followed 
by  peptonization;  when  incubated  on  the  same  lot  of  milk  from  the  same 
mother  culture,  it  may  show  a  clot  followed  by  peptonization  at  37^,  while  at 
25°  only  hydrol3^is  may  take  place,  at  another  time  a  dot  is  formed  also  at 
25°.  The  rapidity  of  liquefaction  of  gelatin  is  also  subject  to  a  great  varia- 
tion. Still  more  intense  is  the  variability,  when  such  factors  as  the  amount 
of  split  products  obtained  from  a  certain  protein  or  carbohydrate  are  consid- 
ered. All  these  factors  come  to  show  that  ordinary  bacteriological  methods 
will  not  hold  when  applied  to  this  group  of  microdrganisms.  The  amount  of 
variation  cannot  be  fixed  so  easily  and  if  it  were  done,  it  would  be  very 
arbitrary. 

On  doser  intensive  study  of  this  group  of  organisms,  we  find  that  the  varia- 
tions, although  often  very  striking,  are  mostly  of  a  quantitative  rather  than 
qualitative  nature.  It  was  suggested  above  that  these  organisms  should  be 
classified  in  groups  rather  than  as  individual  spedes.  The  characters,  particu- 
larly the  cultural  and  biochemical,  should  be  studied  repeatedly,  under  differ- 
ent conditions,  then  the  data  obtained  compared,  due  allowances  being  made 
for  the  variability,  and  the  culture  will  then  be  properly  located.  This  idea 
was  kept  continuously  in  mind  in  the  above  studies;  many  of  the  data  show 
rather  a  range,  obtained  from  repeated  cultures,  than  a  single  observation. 
If  attempts  were  made  to  describe  all  the  details  of  the  cultures  and  to  make  new 
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spedes  based  on  some  variations  from  others,  the  40  or  so  species  described 
above  could  have  been  easily  increased  to  several  thousand,  the  task  becom- 
ing more  and  more  laborious  and  almost  imnecessary.  And,  since  it  became 
almost  impossible  to  carry  on  in  continuous  culture  numerous  strains,  all  of 
them  were  studied  on  several  media,  which  allowed  a  better  difiPerentiation  of 
their  morphological  and  cultural  differences.  The  great  majority  of  the  strains 
were  then  discarded  and  only  the  strains  representing  the  "species  groups" 
left.  Repeated  study  and  collective  comparison  of  data  have  helped  to  bring 
forth  some  of  the  distinctive  characters  of  these  "spedes  groups."  An 
example  of  forming  one  can  be  foimd  in  the  strains  of  A.  griseus  and  A.  218 
which  are  as  different  from  one  another  as  any  two  strains  of  one  "spedes 
group"  (with  the  exception  of  the  "il.  scabies"  group);  descriptions  of  both  of 
them  are  given  so  as  to  indicate  the  extent  of  variability  allowed  by  the  writer. 

SAPROPHYTES  AND  PARASITES 

Most  of  the  spedes  studied  in  this  paper  are  saprophytic  in  nature.  A. 
scabies  is  pathogenic  to  plants,  while  A.  madurae,  A.  hominis,  A.  bavis  and  A. 
asteroides  are  supposedly  animal  pathogens.  There  is  absolutdy  no  difference 
between  the  pathogenic  and  saprophytic  forms.  Parasitism  of  a  few  spedes 
is  not  suffident  reason  to  have  them  separated  in  a  different  group  and  all 
attempts  in  that  respect  are  only  superfidal  in  nature.  The  methods  outlined 
for  the  study  of  this  group  are  applied  just  as  readily  to  both  saprophytes  and 
parasites.  The  only  distinctive  difference  is  found  in  the  optimiun  incubation 
temperature:  that  of  the  animal  pathogens  is  higher  than  that  of  saproph3rtes 
and  plant  pathogens,  which  we  would  naturally  expect. 

MORPHOLOGICAL  STUDIES 

The  reasons  have  been  presented  above,  why  the  morphological  studies 
here  will  have  to  be  only  very  limited,  in  view  of  the  very  detailed  studies  of 
Drechsler  (13).  Attention  will  be  called  here  to  only  a  few  facts,  chiefly  the 
variability  of  the  morphological  characters  depending  on  the  culture  medium. 
It  is  we  1  to  describe  these  organisms  on  one  definite  medium,  but  when  several 
media  lare  used,  great  variations  are  obtained.  It  is  then  very  important  to 
have  t  he  one  mediimi  used  of  exact  chemical  composition  so  that  the  work 
may  be  readily  repeated.  A  few  plates  are  given  in  the  end  of  this  paper  to 
point  out  this  variability  and  also  to  indicate  some  characteristic  morphologi- 
cal features  of  the  different  spedes. 

Three  distinct  morphological  types  are  recognized: 

a.  Whirl  formation,  as  represented  by  only  two  spedes:  A.  reiiculi  and  A. 
reticulus-ruber.  This  feature  is  very  characteristic  and  cannot  fail  to  hdp 
recognize  the  group,  but  it  was  observed  only  on  the  synthetic  (saccharose) 
agar,  and  even  on  this  mediiun,  the  second  spedes  has  shown  only  limited 
whirl  formation  (plate  3). 
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b.  Those  species  that  do  not  form  any  spirals  in  the  aerial  mycelium,  fonn- 
ing  only  straight  branching  hyphae.  Also  in  this  respect,  we  find  great  varia- 
bility on  the  different  media  (plate  4). 

c.  Those  species  that  form  spirals.  These  comprise  the  majority  of  the 
actinomycetes,  and  distinctive  differences  are  fomid  in  type  and  method  of 
formation  of  spirals  as  well  as  in  the  variation  on  the  culture  medium.  Some 
form  wide,  open  spirals,  while  others  form  narrow  spirals  of  a  corkscrew  type 
(plates  1  and  2).  The  division  into  dextrorose  and  sinistrorose  t3rpes  of 
spirals  has  already  been  pointed  out  by  Drechsler  (13). 

KEY  TO  THE  IDENTIFICATION  OF  THE  SPECIES 

(Based  chiefly  on  biochemical  characters) 

A.  Foimation  of  a  soluble  pigment  on  all  media  containing  protein  substances: 
I.  Pigment  deep  brown  (chromogenus  types): 

1.  A  brown  pigment  b  produced  on  tyrosin  agar: 

(a)  Pigment  dark  brown;  white  to  crdam-colored  growth  on  synthetic 

media;  soluble  brown  pigment  on  synthetic  media  containing  arabi- 
nose,  dextrose  or  lactose A.  scabies 

(b)  Pigment  faint  brown;  sulfur-yellow  soluble  pigment  on  creatinine  solu- 

tion; aerial  mjrcelium  on  glucose  agar  isocher  to  reddish  ocher  colored. 

AcHnamyces  205 

2.  Growth  and  aerial  mycelium  on  synthetic  agar  green  to  dark-green;  soluble 

brown  pigment  on  s}mthetic  media  with  most  carbohydrates. 

A.  viridockromogenus 

3.  Deep  brown  to  black  pigment  on  synthetic  agar: 

(a)  Weakly  growing  organisms;  orange-red  growth  on  potato  plug;  no  visible 

aerial  mycelium  on  synthetic  agar A.  purpeockromogenus 

(b)  Vigorously  growing  organisms;  brown  to  black  growth  on  potato  plug; 

abundant  cottony  aerial  mycelium  on  synthetic  agar. 

A.  pheockramogenus 

4.  Usually  no  action  on  milk  (37**),  accompanied  by  the  darkening  of  the  nulk; 

mouse-gray  aerial  mycelium  on  synthetic  agar;  ammonium  salts  used  readily 
with  different  sources  of  carbon A,  aureus 

5.  Brown  pigment  never  produced  on  synthetic  media: 

(a)  Aerial  mycelium  on  synthetic  media  has  lavender  shade  .  .A.  lavendulae 

(b)  Aerial  mycelium  on  synthetic  agar  b  abundant,  of  a  water  green  color. 

AcHnamyces  218 

(c)  Whirl  formation  in  aerial  mycelium  on  synthetic  agar: 

(aO  Growth  colorless  and  aerial  mycelium  white A.  reticuli 

(bO  Growth  pink,  aerial  mjrcelium  rose  colored;  nitrate  reduction 
very  abundant;  fewer  whirls A.  reticulus-ruber 

(d)  Growth  on  synthetic  agar  sulfur-yellow,  with  yellow  aerial  myceliun; 

barnacle-like,  greenish-yellow  growth  on  potato  plug A,  flavus 

(e)  Growth  on  synthetic  agar  red  colored,  aerial  mycelium  abundant,  orange 

colored;  aerial  hyphae  usually  do  not  form  spirals A,  ruber 

n.  Soluble  pigment  on  organic  media  faint  brown,  golden,  yellow  or  blue: 

1.  Pigment  blue,  not  always  definite;  soluble  red  turning  blue  pigment  on  syn- 
thetic agar A,  vidaceus-ruber 
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2.  Pigment  at  first  green  on  organic  media  and  synthetic  agar,  property  lost  on 

continued  cultivation,  becoming  brown  on  synthetic  agar;  aerial  mycelium 
not  produced  on  most  media A.  vertu 

3.  Soluble  pigment  at  first  brown,  property  lost  entirely  on  continued  cultiva- 

tion; growth  and  aerial  mjrcelium  on  synthetic  agar  abundant,  white. 

A.  albus 

4.  Soluble  pigment  yellowish  green;  growth  on  synthetic  agar  penetrating  into 

the  medium  is  pink A.  oalifornicus 

5.  Soluble  pigment  on  organic  media  (gelatin  and  glucose  broth)  golden;  sulfur- 

yellow  growth  on  synthetic  agar  with  yellow  soluble  pigment  (last  property 
lost  on  continued  cultivation) A,  168 

6.  Brown  pigment  produced  only  on  certain  protein  media  (usually  gelatin  and 

glucose  broth,  not  nutrient  ^gar) : 

(a)  Growth  on  synthetic  agar  red  to  pink;  no  differentiated  aerial  m3rcelium 

or  only  scant  white A.  bobUi 

(b)  Growth  on  synthetic  agar  colorless;  aerial  m3rcelium  thin,  rose-colored. 

A»roseus 

(c)  Growth  on  carrot  and  potato  rapidly  spreading,  enveloping  the  whole 

plug  and  destroying  it  rapidly,  plug  becoming  colored  deeply  brown. 

A.96 

(d)  Red  (vinaceous)  soluble  pigment  on  synthetic  agar,  often  turning  red- 

brown;  white  aerial  m3rcelium A,  161 

(e)  Reaction  of  organic  media  always  becoming  aci4;  weak  proteolytic 

action;  very  coarse  aerial  hyphae,  without  any  spiral  production. 

Adinamyces  145 
B.  No  soluble  pigment  produced  on  gelatin  or  other  protein  media: 

I.  ^)ecies  strongly  proteolytic;  gelatin  liquefied  rapidly,  milk  dotted  and  peptonized 
rapidly. 

1.  Brown  soluble  pigment  on  synthetic  agar;  diastatic  action  very  strong. 

A.  diasUUicus 

2.  Rapid  liquefaction  of  coagulated  blood  serum,  strong  hemolysis  of  blood  (37^): 

(a)  Very  poor  utilization  of  glycerin  as  a  source  of  energy;  aerial  mycelium 

on  synthetic  agar  has  a  tea-green  tinge A,  griseus 

(b)  Colorless  growth  on  synthetic  agar  with  white  aerial  m3rcelium;  {unk 

growth  on  glucose  agar  with  scant  aerial  mycelium;  growth  slow  at 
25**,  rapid  at  37**;  pathogenic  to  man A,  madurae 

(c)  Yellowish  growth  on  the  3  synthetic  agars;  aerial  mycelium  on  synthetic 

agar  has  an  olive-green  tinge  (very  similar  to  that  of  A,  griseus); 
yellowish  to  orange,  growth  turning  brown  on  potato  plug;  olive-col- 
ored growth  on  carrot;  pathogenic  to  man A.  kominis 

3.  Yellowish  green  growth  on  starch  plate  with  pinkish  aerial  mycelium;  dtron- 

yellow  growth  on  synthetic  agar A.  cUreus 

4.  Greenish-yellow  growth  on  synthetic  agar,  gray  powdery  aerial  mycdium, 

greenish-yellow  soluble  pigment A,  128 

5.  Colorless  growth  on  synthetic  agar,  white  to  grayish  aerial  mycelium,  no  spiral 

formation;  thin  reddish-brown  growth  on  potato  plug  (purplish  zone  on 
plug);  faint  ydlow  pigment  may  develop  on  gelatin,  blood  and  egg-media. 

A,  pociensis 

6.  Buff  colored  growth  on  glucose  agar,  violet-gray  aerial  mycelium;  yellow 

growth  on  synthetic  agar  with  light  drab  aerial  m3rcelium;  rapid  destruction 
of  potato  plug AcHnomyces  206 

7.  Proteolytic  action  somewhat  weaker  than  previous  members  of  group  B  I, 

although  much  stronger  than  the  spedes  induded  in  B  II. 
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(a)  Yellow  growth  on  most  synthetic  and  organic  media,  often  turning 

black,  8ulfur-3rellow  aerial  mycelium,  which  usually  develops  only  on 
continued  cultivation;  pathogenic  to  animals A,  bans 

(b)  Very  scant  coloriess  growth  with  scant  white  aerial  mycelium  on  synthet- 

ic agar  and  on  synthetic  media  containing  NaNd  as  a  source  of 
nitrogen;  abundant  brown  growth  with  white  acxiaX  mycelium  and 
soluble  brown  pigment  on  glucose  agar;  growth  on  potato  plug  green- 
ish turning  black Actinomyces  104 

n.  Proteolytic  action  weak: 

1.  Soluble  pigment  produced  on  synthetic  agar: 

(a)  Pigment  blue  or  blue-black A.  vioUtceus-caesari 

(b)  Pigment  brown  to  almost  black  on  all  synthetic  media  with  NaNOb  as 

a  source  of  nitrogen A.  exfoliatus 

2.  No  soluble  pigment  on  synthetic  agar,  although  growth  is  colored: 

(a)  Growth  turning  black,  diastatic  action  very  strong: 

(aO  Growth  on  synthetic  agar  scant  with  abundant  spirals  in  aerial 
m3rcelium,  no  invertase  production A,  nUgersensis 

(bO  No  spirals  on  synthetic  agar,  characteristic  green  colored  growth 
on  protein-glycerin  media A.  Upmami 

(cO  None  or  scant  aerial  mycelium  on  all  media;  growth  abundant 
on  synthetic  agar  (invertase  positive) ;  none  or  scant  growth  on 
blood  agar  and  egg-media A.  kalstedii 

(b)  Growth  orange  colored  on  most  synthetic  and  organic  media: 

(aO  Aerial  mycelium  pink A,  JradU 

(bO  White  aerial  mycelium  may  or  may  not  be  produced;  proteolytic 
and  diastatic  action  laddng  almost  entirely  (this  is  the  only 
spedes  which  does  not  liquefy  gelatin  and  has  no  visible  effect 
upon  milk  at  25*"  and  37*0 A.  asUroides 

(c)  Growth  yellowish  on  synthetic  and  glucose  agars:  pinkish  dnnamon-col- 

ored  on  calcium  malate  agar;  no  growth  on  blood  serum  and  egg 
media;  none  or  only  very  scant  and  late  aerial  mycelium  on  most 
media A.  alboJLnus 

(d)  Growth  on  synthetic  media  rose  to  red  colored,  aerial  mycelium  white, 

no  visible  action  on  milk A.  alhosporeus 

The  writer  is  well  aware  of  the  several  criticisms  to  which  this  key  could  be 
subjected.  First  of  all,  pigment  production,  which  is  never  an  absolutely 
reliable  factor  and  which  is  subject  to  variations,  is  made  use  of  in  the  major 
and  minor  subdivisions.  Second,  the  major  divisions  of  part  B  are  based 
on  quantitative  differences  in  proteolytic  action,  which  also  is  not  always 
reliable.  With  all  these  criticisms  in  mind,  the  present  key  was  decided  on, 
since  it  presents  a  brief  sununary  of  the  more  important  biochemical  features 
of  the  different  species  which  will  help  to  separate  them.  It  will  no  doubt  be  of 
help  to  those  who  will  attempt  to  locate  a  certain  culture.  The  key  should 
of  course  be  used  only  as  a  preliminary  step  in  the  identification;  for  further 
details,  one  should  refer  to  the  complete  description.  At  least  those  media 
should  be  used  which  are  recommended  in  the  last  paragraph  of  the  summary 
of  the  cultural  characters. 
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Attention  is  here  called  to  the  fact  that  the  most  of  the  cultural  studies 
reported  above  were  repeated  several  times  at  di£Ferent  laboratories  by  the 
writer  and  often  also  by  others  (associated  with  the  writer,  notably  Mr.  Curtis 
and  Mr.  Joffe  of  the  New  Jersey  Agricultural  Experiment  Station). 
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Tht  uMtMiim  of  different  carbon  compotulds  by  actinomyctUs' 


A.  vMattui-rubv. . 
A.  rMacats-foesari , 

A.  aureus 

A.  scabies 

A.  viridockromogcnu 
Actinamyceks  205 . . 

A.  exfclialus...   . . . 

A.  albosporeus. 

A.lipfnaKii , 

A.  diastatieus 

A.bobiti 

A.  poolerisis 

Actinomyces  128 . . . 

A.roseus 

A.nerne 

A.  reliculus-ruber. . 
Actinomyces  168  . . 

A ,  aiieroidcs 

AeUnomyca  104  . . . 


*  N&NO]  (2  gm.  per  liter)  used  as  a  source  of  nitrogen.  All  carbon  compounds  were  nxd 
in  a  3  per  cent  concentration. 

1 1,  de^gnates  filter  paper;  II,  teprecipitated  cellulose. 

t  Figures  enclosed  in  parentheses  designate  the  utilizati<»t  of  the  malate  in  the  form  of 
the  ammonium  salt,  as  the  only  source  of  nitrogen  and  carbon. 
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*  Organic  nitiogenous  substancea  were  used  in  concentrations  of  0.5  per  cent  (cieatioiDe 
and  tyrosin  only  0.1  per  cent);  nitrite,  nitrate  and  ammonium  salts  0.2  pet  cent. 

Three  per  cent  of  glycerin  was  used  as  a  source  of  energy  for  all  nitrogen  compounds 
unless  otherwise  designated. 

t  Column  marked  "g"  designates  glycerin  and  "d"  designates  dextrose  (3  per  cent)  as 
source  of  energy. 

to,  designates  no  growth;  1,  faint;  2,  fair;  3,  good;  4,  very  good;  S,  excellent;  —,  not  tested. 

The  figures  in  the  upper  row  were  obtained  on  incubating  the  cultures  for  15-18  days  (A. 

bvtis  and  A.  atUroidei  for  30  days)  at  25";  those  in  the  lower  row  were  obtained  for  the 

cultures  incubated  30-35  days  {A.  botis  and  A.  asleroides  60  days). 
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TABLE «  , 


«V«I«. 

Di*^ 

Airc 

"™™' 

— " 

•n.i*' 

Ptaiet 

+ 

3 

2-3 

+ 

24 

2-4 

1-3 

14 

3-1 

1-3 

- 

0 

0 

1 

+ 

14 

2 

1 

+ 

16 

»-* 

3^ 

— 

2 

2 
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2-3 

2 

+ 

14 

3 

1-2 

+ 

2 

3 

— 

31 

5 

2-3 
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3-4 

3 

+ 

6 

2-t 

1-2 

— 

16 

1-3 

3-4 

+ 

1.<i 

2-3 

2-3 

17 

3-4 

3 

— 

2 

3 

- 

23 

3-4 

5 

— 

3 

3-4 

+ 

4 

1-2 

— 

3 

3-4 

_ 

3 

1-2 

+ 

24 

4 

3 

— 

34 

3-4 

2-3 

- 

3 

3-5 

2 

1-2 

— 

S 

2 

-VS 

None- 

1 

1-2 
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1-2 

1-4 

+ 

12 

1-2 

1-2 

- 

3 

3 

+ 

14 

2-3 

2-3 

_ 

22 

5 

3-4 

+ 

0 

0-1] 

1-2 

+ 

14 

4 

4 

- 

15 

2 

+ 

12 

3 

_ 

2 

12 

2 

- 

S 

1-3 

2 

2 

1-2 

A .  oBwfiantu 

A .  aibtuforau . . 

A.aibui 

A.  asttrmda 

A.  aureus 


A.babUi 

A.  catt/amkus 

A.  tkromogenus  205 .  . . . 

A.cilreui 

A.  diastalkui 

A.  161 

A.  txfaliatut 

-4. 128 

^.96 

A,  pifu 

A.ZJS 

A.liaiiltilii 

A .  hontinis 

A.latetidulae 

A.lipnutnii 

A.  168 

A.  tHodurae 

A.  pheockromogemis .  .  .  . 

A,  pooleniis 

A.  purptJKkromogenus . . 


A.  reUadi 

A.  retieulas-Tuber . . 
A.  roseui 

A.  ral^erseiuis 

A.  scabies 


A.vklactui-caesari.    . 

A.  vUlaceiu-Tuber 

A.  mridochromagmus . . 

A.  104 

A.  145 


Variable 

Utile  chaDge 

Variable 

Add 

Variable 

Unchanged 


Variable 

Alkaline 

Alkaline 

Alkaline 

Variable 

Alkaline 

Acid 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

LilUe  change 

Variable 

Usually  add 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Add 

Variable  (acid) 
Alkaline 
Variable 
Alkaline 


Variable 

Variable 
Acid 


•  Tube  =  Difference  in  the  height  of  stairh  in  the  control  tube  and  the  tube  b  which 
the  otsanism  was  gtavti,  in  ■nultimeters. 

t  Plate  —  Width  of  clear  zone  around  the  colony,  in  millimeten .  Perkid  of  inculMitlra 
b  both  instances  12-15  days  at  25'C.    .    .    .    designates  "not  tested." 

t  The  starch  is  hydrolyzed  chiefly  to  the  dextrin  stage. 
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PLATE  1 

Fio.  U  A,  tkHaceus-fvher  grown  on  dextrose  agar. 
Fig.  2.  A,  vidaceus-caesari  grown  on  dextrose  agar. 
Fig.  3.  A.  vidaceus-caesari  grown  on  caldum  malate  agar. 
Fig.  4.  A.  pkeockramogenus  grown  on  dextrose  agar. 
Fig.  5.  A  pheockromogenus  grown  on  ralniim  malate  agar. 
Fig.  6.  A,  purpeochramogenus  grown  on  starch  agar. 
Fig.  7.  A.  aureus  grown  on  dextrose  agar. 
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PLATE  2 

Fig.  1,  a.  aSbofiaous  grown  on  ralrinm  malate  agar. 

Fig.  2-3.  A,  cUreus  grown  on  dextrose  agar. 

Fig.  4.  A.  exfcUatus  grown  on  dextrose  agar. 

Fig.  5.  A,  califanncus  grown  on  starch  agar. 

Fig.  6.  A.  bobili  grown  on  starch  agar. 

Fig.  7.  A,  ruber  grown  on  caldum  malate  agar. 

Fig.  8.  Actinomyces  218  grown  on  caldum  malate  agar. 

Fig.  9.  A,  ham  grown  on  dextrose  agar. 
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PLATE  3 

Fig.  1.  A.  reHadms-mber  grown  on  dextrose  agar. 
Fig.  2-3.  A.  nOaiU  grown  on  dextrose  agar. 
Fig.  4.  i4.  reOctJi  grown  on  synthetic  agar. 
Fig.  5.  ^1.  rtHadi  grow  on  glycerin-synthetic  agar. 
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PLATE  4 

Fig.  1.  A.  flatus  grown  on  starch  agar. 

Fig.  2.  A.  flatus  grown  on  caldum-malate  agar. 

Fig.  3.  A.  roseus  grown  on  starch  agar. 

Fig.  4.  A,  roseus  grown  on  dextrose  agar. 

Fig.  5.  A  veme  grown  on  starch  agar. 

Fig.  6.  A.  lavendulae  grown  on  dextrose  agar. 

Fig.  7.  A.flaoawrens  grown  on  calcium  sialate  agar. 

Fig.  8.  Actinomyces  145  grown  on  dextrose  agar. 

Fig.  9.  Actinomyces  145  grown  on  calcium  malate  agar. 

Fig.  10.  A,  aureus  grown  on  glycerin  synthetic  agar. 
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HYDROGEN-ION  CONCENTRATION  OF  PLANT  JUICES 

I.  The  Accurate  Determination  of  the  Hydrogen-ion  Concentration 
OF  Plant  Juices  by  Means  of  the  Hydrogen  Electrode^ 

CLINTON  B.  CLEVENGER 

From  the  Departments  of  Soils  and  Agricultural  Bacteriology,  University  of  Wisconsin^  Madison, 

Wisconsin 

Received  for  publication  August  25, 1919 
INTRODUCTION 

The  hydrogen  electrode  has  but  recently  been  employed  for  the  measure- 
ments of  the  hydrogen-ion  concentration  m  plant  juices.  This  method  has 
been  used  for  this  purpose  by  Haas  (7),  Kappen  (10),  Hempel  (9),  and  Truog 
and  Meacham  (22).  The  type  of  apparatus  used  by  these  workers  gives 
values  of  sufficient  accuracy  for  work  in  which  small  differences  are  not 
significant.  The  simple  type  of  gas  chain  is  also  to  be  preferred  in  the  elec- 
trometric  titration  method  for  total  acidity  in  plant  juices  as  used  by  Haas  (8). 
The  hydrogen  electrode  was  studied  critically  by  Loomis  and  Acree  (11) 
and  applied  by  them  (12)  to  accurate  measurements  in  organic  reactions. 
Clark  (2)  has  adapted  the  method  for  accurate  measiurements  in  the  case  of 
bacteriological  media.  Because  of  the  great  importance  of  acidity*  in  plant 
juices  it  is  desirable  to  adapt  the  method  to  the  accurate  measurement  of  this 
acidity.  That  the  acidity  may  exert  marked  influences  upon  the  activities 
of  the  plant  is  evident  from  the  work  of  Reed  (17,  19)  and  Bunzell  (1). 
These  investigators  foimd  that  a  slight  acidity  inhibits  the  action  of  oxidases 
which  are  now  held  to  be  universally  distributed  (18)  in  plants  and  play  an 
essential  rdle  in  plant  respiration.  According  to  Bunzell  (1)  the  concentra- 
tions of  acidity  which  completely  inhibit  the  oxidase  action  for  each  type  of 
plant  material  fall  within  a  rather  narrow  range. 

That  enzymes  are  affected  markedly  by  acidity  is  noted  further  in  the 
observation  of  Michaelis  (16)  that  the  natural  acidity  of  body  fluids  con- 
taining an  enzyme  is,  as  a  rule,  the  optimum  acidity  for  the  Activity  of  that 

'  Part  I  of  thesis  submitted  to  the  faculty  of  the  Graduate  School  of  the  University  of 
Wisconsin  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy. 

Published  with  the  permission  of  the  Director  of  the  Agricultural  Experiment  Station. 

This  opportunity  is  taken  to  express  to  Professor  Truog  and  Professor  Fred,  under  whose 
«lirection  this  work  has  been  done,  due  appreciation  for  their  suggestions  and  criticisms. 

'  Acidity  and  hydrogen-ion  concentration  are  used  synonymously  in  this  paper. 
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enzyme.  Sherman,  Thomas  and  Baldwin  (21)  have  found  that  amylases 
representative  of  the  starch-splitting  enzymes  of  the  higher  animals,  higher 
plants  and  of  fimgi,  respectively,  have  an  optimum  acidity  for  their  greatest 
activity.  Kappen  (10)  believes  that  in  plants,  as  in  animals,  slight  changes 
in  acidity  influence  the  activity  of  the  enzymes  which  are  present.  In  this 
way  the  important  life  processes  of  the  plant  are  affected.  Crocker  (4)  has 
suggested  that  changes  in  addity  may  be  important  in  the  regulation  of 

TABLE  1 

RepresenkUive  measurements  showing  passible  auuracy  of  the  apparatus  and  method  when 

buffer  solutions  and  plant  juices  are  used 


SOLUTION 


Buffer  solution  of  KHiPO^ 
+NaOH 


Buffer  solution  of  KH2PO4 
+NaOH 


Juice  of  medium  red  clover 


Juice  of  soybean  seedlings 


M 


6 


B 


B 


B 


B 


TIME 


Hi 
started 


11:45 


11:45 


12:35 


12:35 


3:47 


3:47 


2:15 


2:15 


Shaking 
began 


11:57 


11:57 


12:51 


12:51 


4:00 


4:00 


2:27 


2:27 


Readings 
taken 


( 


{ 
{ 


12:01 
12:05 

12:02 
12:06 

12:55 
12:58 

12:56 
}:01 

4:10 
4:13 

4:  12 
4:15 

2:31 
2:35 

2:33 
2:38 


POTENTIOICXTER 
READINOS  IN  VOLTS 


Readings 


0.68739 
0.68743 

0.68738 
0.68736 

0.68834 
0.68844 

0.68841 
0.68852 

0.70977 
0.70973 

0.70969 
0.70972 

0.69931 
0.69928 

0.69926 
0.69925 


Average 

of  first 

readings 


0.68738 


0.68837 


0.70973 


0.69928 


2 


31.5* 


32.3' 


25.0^ 


31.7* 


I 


5.801 


5.809 


6.276 


5.965 


transpiration.  This  suggestion  is  made  from  the  work  of  MacDougal  (14) 
and  MacDougal  and  Spoehr  (15)  on  the  eflFects  of  acids  and  bases  on  imbi- 
bition of  water  by  plant  tissues  and  plant  gels.  It  seems  possible  that  certain 
conditions  may  change  the  acidity  of  the  plant  juice  sufficiently  to  produce 
an  acidity  which  is  imfavorable  for  the  plant. 

In  a  study  of  the  factors  affecting  the  acidity  of  plant  juices  the  possible 
effect  of  soil  acidity  is  one  of  considerable  importance.  Measurements  made 
by  Truog  and  Meacham  (22)  bear  upon  this  relation    These  results  indicate 
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that  the  acidity  of  the  plant  juice  may  often  be  increased  by  an  add  reaction  of 
the  soil.    Since  differences  caused  by  such  factors  may  in  many  cases  be 
quite  small  and  yet  be  of  great  importance,  it  seemed  desirable  to  adapt  the 
hydrogen  electrode  method  of  measiu:ement  to  the  determination  of  plant 
acidity  so  as  to  get  much  more  accurate  values  of  plant  addity  than  have 
previously  been  obtained.    A  procedure  and  apparatus  whidi  will  give  accu- 
rate values  of  addity  with  one  kind  of  material  may  not  alwa3rs  work  similarly 
with  other  material.    The  Clark  and  Lubs  (3)  procedure  and  apparatus  gives 
accurate  values  with  bacteriological  media  but  do  not  alwa3rs  give  accurate 
values  with  plant  juices.    It  is  probable  that  substances  present  at  least  in 
some  plant  juices  are  the  cause  of  considerable  difficulty  (6). 

THE  APPARATUS 

The  apparatus  used  in  the  present  investigations  is  similar  in  its  essentials 
to  the  chain  described  by  Clark  and  Lubs  (2)  which  embodies  the  use  of  the 
Clark  electrode  vessel,  devised  for  shaking,  a  constant-temperature  air-bath, 
^ectrolytically  prepared  hydrogen  and  sensitive  measuring  instnmients.  In 
adapting  this  form  to  the  present  work  certain  important  modifications  in 
the  electrode  vessd,  in  the  shaking  apparatus  and  in  the  bath  were  foimd 
advantageous.  The  electrode  vessel  was  modified  to  overcome  the  difficulties 
produced  by  foaming  of  the  juices.  A  cheaper  and  more  convenient  shaking 
apparatus  was  devised.  A  less  expensive  bath  which  is  also  more  con- 
venient was  used.  Although  the  electrode  vessd  is  not  maintained  at  a  con- 
stant temperature,  the  slow  fluctuation  of  the  temperature  of  the  air  makes 
possible  a  temperature  correction  without  appreciable  error. 

Electrode  vessel 

A  30-cc.  dropping  funnel  L  is  attached  to  the  hydrogen  electrode  vessel  H 
as  shown  in  the  figiu*e.  The  dropping  funnel  is  attached  with  rubber  tubing 
to  a  small  glass  tube  which  passes  through  the  stopper  /  that  fits  into  the 
electrode  vessel.  The  funnd  is  further  supported  by  means  of  a  wire  loop 
M  fastened  to  and  extending  from  the  support  N  holding  the  dectrode  vessd. 
When  the  funnel  is  removed  a  pinch-cock  is  placed  on  Jhe  rubber  connection 
to  dose  the  outlet.  Plant  juices,  excepting  those  of  relativdy  high  addity, 
foam  considerably  when  hydrogen  is  rapidly  passed  through  them,  which 
results  in  the  expulsion  of  considerable  liquid  from  a  small  cdl  like  the  Clark 
vessel.  By  placing  the  liquid  in  the  dropping  fimnd  which  is  considerably 
wider  than  the  cell,  loss  during  saturation  with  hydrogen  is  prevented.  An 
additional  advantage  of  this  dropping  funnel  is  that  it  greatly  lessens  the 
period  of  contact  between  the  liquid  and  electrode,  and  probably  facilitates 
saturation  of  the  electrode  by  preventing  the  formation  of  a  film  over  its  surface. 


l-s  I 
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SHAKING  APPARATUS 

At  the  place  of  stiq)eii9B0n  each  electrddc  vessd  is  provided  with  a  rubber 
ring  /  for  instdation.  Each  electrode  vessel  is  suq^ratded  by  a  chain  N  to 
the  metat  wheels  moonted  on  the  ends  of  a  shaft  4}  inches  long.  This  shaft 
is  driven  by  a  bevel  gear  as  shown  in  the  figure  at  S.  In  order  that  the  shaking 
apparatus  may  be  started  and  stopped  without  stopping  the  motor  which  also 
nms  the  water  stirrer  in  the  bath,  the  metal  pulley  T  is  arranged  to  slide  in 
and  out  of  gear  as  shown  in  the  figure.  The  cross  phi  in  the  shaft  fits  into 
notches  on  the  inside  collar  of  the  pulley.  By  pushing  the  pulley  inward  the 
shaking  a|^)aratus  is  set  in  gear  and  by  pushing  it  outward  the  apparatus  is 
put  out  of  gear.  The  rate  of  shaking  of  the  electrode  vessel  should  be  about 
one  cycle  per  second. 

Connecting  vessd 

The  duplicate  electrode  vessels  are  joined  by  a  glass  Y-tube  O  to  the  same 
intermediate  vessel  P  of  saturated  KCl  solution.  This  vessel  is  held  in  posi- 
tion by  the  rigid  support  R.  A  cord  supporting  the  Y  and  attached  to  an 
arm  from  R  is  not  shown  in  the  figure.  The  Y-tube  is  provided  with  a  cock 
in  each  of  the  two  arms. 

Constant  temperature  hath 

A  constant-temperature  air-bath  is  not  used.  The  hydrogen  electrode 
element  and  connecting  vessel  of  the  chain  are  suspended  above  a  constant- 
temperature  water-bath  maintained  at  25^C.  In  this  bath  the  cakmiel 
electrode  battery  and  comparison  cell  are  kept.  Since  water  is  a  fairly  good 
conductor  and  stray  currents  from  the  wires,  motor  and  other  sources  may 
play  upon  the  bath,  it  is  not  desirable  to  operate  the  hydrogen  vessel  m  the 
water.  Electrical  connection  is  often  made  between  the  chain  and  the  water, 
and  disturbances  might  easily  be  set  up.  At  each  measurement  the  tem- 
perature of  the  air  above  the  bath  is  taken  and  correction  made. 

Calomel  electrode  battery 

The  calomel  electrode  battery^  which  is  not  shown  in  the  figure  is  made 
up  of  five  cells  with  a  comparison  cell  Q  joined  by  a  ground-glass  connection. 
These  cells  are  closed  with  cork  stoppers  which  are  covered  with  a  mixture 
of  paraffin  and  beeswax  to  make  tight  seals.  In  the  preparation  of  the 
chemicals  the  procedure  given  by  Loomis  and  Acree  (11)  was  followed. 
Mercury  redistilled  twice  and  N/10  KCl  solution  were  used. 

The  comparison  calomel  electrode  Q  fits  into  the  intermediate  vessel  by  a 
ground-glass  joint.  During  a  measurement  it  is  kept  at  constant  temperature 
by  placing  it  in  a  jar  of  water  which  sets  in  the  bath  tod  is  raised  sufficiently 
for  this  purpose. 

•  Devised  by  Dr.  N.  E.  Loomis  for  the  Eli  LUley  Company. 
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Hydrogen  generator 

The  hydrogen  is  generated  electrolytically  in  A  from  a  10  per  cent  solution 
of  KOH,  nickel  electrodes  being  used.  Ten  to  twelve  amperes  of  current 
are  employed.  This  amount  generates  sufficient  hydrogen  for  saturation  of 
duplicate  samples  at  the  same  time.  The  hydrogen  first  passes  over  H1SO4 
in  the  glass  tube  Bj  then  through  heated  paUadiimiized  asbestos  in  C  and 
finaUy  through  a  glass  U-tube  D.  The  latter  extends  into  the  constant- 
temperature  bath  by  which  means  the  hydrogen  is  cooled.  By  means  of  two 
small  T-tubes  following  the  U-tube,  a  lead  G  to  each  hydrogen  electrode 
vessel  and  an  outlet  E  for  waste  hydrogen  are  provided.  The  latter  outlet 
consists  of  a  glass  tube  of  smaller  bore  than  the  T  and  is  closed  by  a  pinch- 
cock  at  the  rubber  connection  near  the  T.  A  glass  cock  in  the  connection 
from  the  U-tube  closes  the  system  when  not  in  use.  It  was  not  foxmd 
necessary  to  keep  a  small  current  running  overnight  to  prevent  diffusion  of 
air  into  the  generator.  Although  some  hydrogen  diffuses  out  from  the  system, 
any  effects  due  to  entrance  of  air  when  the  sytem  is  closed,  have  not  been 
noticed.  All  rubber  connections  are  made  tight  by  a  coating  of  paraffin  and 
beeswax. 

Preparation  of  palladium  electrodes 

Platinum  electrodes  coated  with  palladium  black  are  used.  The  black 
is  deposited  by  electrolysis  from  a  2  per  cent  solution  of  PdCls  containing  a 
trace  of  lead  acetate.  When  sufficient  black  has  been  deposited  the  electrodes 
are  placed  with  the  current  running,  first  into  a  dilute  solution  of  HsSOi. 
This  electrolyzes  PdCls  adhering  to  the  black  and  removes  any  occluded 
chlorine  by  displacement  with  hydrogen.  They  are  then  dipped  into  a  dish 
of  distilled  water.  The  whole  process  of  preparation  requires  about  1} 
minutes.  Finally,  the  blackened  electrode  is  thoroughly  rinsed  with  running 
distilled  water  and  is  then  ready  for  use. 

In  order  to  keep  the  PdCli  solution,  which  is  used  for  depositing  the  black, 
free  from  contamination  of  substances  from  the  plant,  the  black  from  the 
electrodes  is  not  returned  to  the  solution.  It  appears  that  in  work  with 
inorganic  solutions  special  precautions  (11)  with  regard  to  keeping  the 
electrolyzing  solution  free  from  contamination  are  not  necessary,  ^th 
material  like  plant  juices  it  seems  that  contamination  from  them  might  make 
it  difficult  to  secure  good  electrodes.  In  cleaning,  the  electrodes  are  first 
rinsed  to  remove  adhering  plant  juice  and  then  let  stand  in  a  beaker  of 
distilled  water.  This  dissolves  out  further  amounts  of  juice.  The  black  is 
wiped  off  with  a  clean  piece  of  ashless  filter  paper  and  the  electrode  is  ready 
for  recoating.  At  frequent  intervals  the  electrodes  are  cleaned  by  pladng 
in  concentrated  HNOt.  This  dissolves  the  palladiiun,  leaving  a  clean  platinum 
surface. 
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Measuring  instruments 

The  measuring  instruments  consist  of  a  Leeds  and  Northrup  improved  type 
of  potentiometer,  a  sensitive  D'Arsoval  galvanometer  and  two  Leeds  and 
Northrup  Weston  cells.  One  of  the  latter  was  compared  with  a  cell  stand- 
ardized by  the  United  States  Bureau  of  Standards.  The  value  of  the 
comparison  calomel  electrode  was  checked  frequently  with  electrodes  of  the 
battery. 

PROCEDURE  OF  MEASUREMENT 

Preparation  and  flooding  of  electrodes 

Freshly  prepared  electrodes  are  always  used  in  making  a  determination. 
These  are  placed  into  the  electrode  vessels  and  the  dropping  funnels  with 
pinch-cocks  are  then  attached.  The  cocks  in  the  funnels  are  closed,  and  the 
"vessels,  tilted  so  the  inlets  are  higher  than  the  outlets,  are  flooded  with 
lydrogen.  The  electrode  vessels  are  flooded  separately  by  running  the 
liydrogen  into  each  for  about  five  minutes. 

Extraction  of  plant  juices 

During  this  interval  the  plant  material  is  usually  cut  and  the  sample  of 
juice  extracted.  The  plant  tissue  is  first  macerated  by  passing  through  a 
tinned  meat  chopper.  The  macerated  tissue  is  placed  on  a  clean  muslin 
cloth  which  is  spread  on  the  bottom  plate  of  the  press  which  is  used.  The 
edges  of  the  cloth  are  folded  over  each  other  enclosing  entirely  the  tissue. 
The  juice  is  then  pressed  out  by  means  of  pressure.  The  pressure  should  be 
uniform  for  different  samples.  The  cloth  should  be  a  good  grade  of  bleached 
muslin  thoroughly  washed  and  cut  into  squares  of  convenient  size.  A  square 
is  used  but  once.  The  cloth  retains  coarse  colloidal  and  other  matter, 
giving  a  juice  from  which  on  centrifuging  for  10  minutes  no  material  except 
salts  are  thrown  out.    The  centrifuging  is  thus  omitted. 

Saturation  of  juice  with  hydrogen 

Three  to  five  cubic  centimeters  of  the  juice  are  placed  in  each  of  the 
dropping  funnels.  The  waste  outlet  of  the  electrode  vessel  is  closed  and  the 
cocks  in  the  funnels  opened  slightly.  The  hydrogen  is  made  to  bubble 
evenly  through  the  juice  by  regulation  of  screw  clamps  on  the  rubber  leads 
to  the  vessels.  The  hydrogen  should  bubble  through  for  about  10  minutes 
with  the  amounts  of  juice  indicated. 

No  difficulty  is  experienced  from  foaming  with  this  arrangement  except 
when  the  juices  approach  the  neutral  or  alkaline  point.  In  such  cases  a 
long  peaked  cone  of  filter  paper  inserted  snugly  into  the  opening  of  the  funnel 
is  of  material  help.  This  serves  to  break  the  bubbles,  permitting  the  hydro- 
gen to  escape.  Ashless  filter  paper  is  used  and  pieces  made  by  cutting  the 
9-cm.  size  in  halves  are  convenient. 
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Transfer  of  juice  to  ike  electrode  vessels 

After  satiiration  the  cocks  in  the  funnels  are  closed  and  the  current  pro- 
ducing the  hydrogen  is  reduced  from  10  amperes  to  about  1  anq)ere.  This 
reduces  the  large  hydrogen  stream  which  is  now  not  needed  and  the  hydrogen 
generator  is  not  unnecessarily  heated.  The  exit  for  overflow  of  hydrogen  is 
opened  by  releasing  the  pinch-cock.  The  cocks  in  the  funnels  are  opened 
and  the  juice  allowed  to  flow  into  the  electrode  vessels.  The  cocks  are  closed 
when  a  little  liquid  still  remains  in  the  stems  of  the  funnels  which  prevents 
the  possibility  of  the  entrance  of  air  into  the  vessels. 

Shaking  electrode  vessels 

The  electrode  vessels  are  gently  shaken  for  2  minutes.  Long  violent 
shaking  sometimes  appears  to  discharge  the  electrodes,  whfle  with  no  ghalritig 
a  local  equilibrium  may  be  obtained,  as  is  indicated  by  a  higher  £.  M.  F.  of 
the  chain.  The  period  of  2  minutes  gave  good  results  and  was  arbitrarily 
chosen. 

Making  the  reading 

In  making  the  measurements  only  the  N/10  calomel  electrode  is  used  as  - 
shown  by  the  following  combination: 

PdH,  Plant  Juice//Saturated  KC1//N/10  KQ  HgQ  Hg 

The  electrodes  are  left  at  least  half  exposed  to  the  hydrogen  gas.    Fresh^ 
saturated  KCl  solution  is  run  into  the  connecting  tube  of  the  electrode  vesseL 
as  in  the  usual  procedure  (2).    A  rubber  tube  carries  away  the  overflow  dE 
KCl  solution  from  the  outlet.    The  calomel  electrode  and  the  wires  leading* 
to  the  potentiometer  are  put  into  place.    Contact  between  the  juice  and  the 
saturated  KCl  is  made  by  the  film  of  KCl  solution  aroimd  the  stopcock,  which 
is  left  ungreased  aroimd  its  middle  portion.    A  good  contact  is  insured  if  a 
scratch  connecting  with  the  bore  is  made  aroimd  the  cock.    Readings  are 
then  taken  immediately.    Constant  potentials  are  maintained  most  generally 
for  2  to  5  minutes  and  often  much  longer.    Duplicate  measurements  usually 
agree  within  0.1  millivolt. 

Although  more  contact  potential  is  ordinarily  set  up  with  small  contact 
surfaces  (5)  yet  this  may  be  the  opposite  when  working  with  plant  juices. 
In  several  trials  when  the  contact  was  brought  below  the  bore  of  the  cock 
into  the  large  tube  a  contact  potential  developed  quite  rapidly.  This  rapid 
development  of  contact  potential  with  freshly  extracted  plant  juices  may  be 
due  to  the  reaction  of  the  KCl  with  the  plant  juice.  The  N/10  KQ  of  the 
calomel  cell  which  comes  in  contact  with  the  saturated  solution  is  renewed 
after  each  measurement. 
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The  acidity  of  plant  juices  may  change  appreciably  on  standing,  as  is 
indicated  in  the  second  part  of  this  paper;  hence  it  is  necessary  to  make  the 
measurements  within  as  short  a  time  as  possible.  Since  two  sets  of  com- 
parative determinations  can  be  made  in  an  hour,  corrections  for  changes  in 
vapor  and  barometric  pressure  (13)  have  not  been  taken  into  account. 

Accuracy  of  the  method 

One  of  the  tests  which  gives  value  to  a  method  lies  in  the  reproducibility 
of  results.  This  is  particularly  true  where  comparative  results  are  wanted. 
Not  only  should  duplicate  measurements,  which  are  made  at  the  same  time  and 
thus  imder  the  same  conditions  agree,  but  measiu^ments  made  at  different 
times  also  should  agree.  In  the  case  of  the  buffer  solution  of  KH2PO4  + 
NaOH,  measurements  at  different  temperatures,  as  given  in  table  1,  show 
good  agreement.  Examples  of  measurements  and  constancy  of  potentials, 
which  are  respresentative  of  the  measurements  of  plant  juices  of  the  following 
paper,  are  given.  The  good  duplication  of  readings  between  the  two  hydrogen 
efectrodes  in  separate  cells  with  the  same  juice  is  to  be  especially  noted. 

SUMMARY 

The  importance  of  the  acidity  or  hydrogen-ion  ccmcentration  of  plant 
juices,  and  the  need  of  developing  an  accurate  method  for  its  determination 
have  been  pointed  out. 

An  acciuate  method  for  this  purpose  has  been  developed  in  which  are 
used:  The  Clark  dectrode  vessel,  modified  and  adapted  for  work  with  plant 
juices,  a  simple  means  for  shaking  the  vessel,  a  constant-temperature  water-bath 
in  which  the  calomel  electrodes  are  kept,  electroljrtically  prepared  hydrogen, 
and  acciuate  measiuing  instruments.  Corrections  for  temperature  of  the  air 
are  made  when  readings  are  made.  Contact  of  the  electrodes  and  plant  juice 
during  saturation  with  hydrogen  is  prevented  by  placing  the  latter  into 
dropping  funnels  attached  to  the  electrode  vessels.  By  this  means  contami- 
nation of  the  electrodes  by  the  juice  during  saturation  with  hydrogen  is 
prevented.    The  electrodes  are  always  recoated  for  each  determination. 

The  plant  juice  is  prepared  by  macerating  the  tissue  and  expressing  the 
juice  by  means  of  a  press.  The  macerated  tissue  is  wrapped  in  a  clean 
muslin  cloth,  which  gives  a  juice  free  from  coarse  colloidal  or  other  material. 

Contact  is  made  between  the  plant  juice  and  satiurated  KCl  solnticm  by 
means  of  a  scratch  aroimd  the  cock  connecting  the  two.  This  reduces  the 
contact  potential  which  develops  quite  rapidly  when  the  connection  is  made 
by  opening  the  cock  wide. 

Duplicate  measurements  usually  agree  within  0.1  millivolt  and  constant 
potentials  are  maintained  for  several  minutes  or  longer.  A  table  showing 
the  possible  accuracy  is  given.  These  results  are  undoubtedly  more  accurate 
than  any  previously  reported  on  plants. 
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INTRODUCTION 

The  importance  of  the  hydrogen-ion  concentration  of  plant  juices  was  noted 

in  the  first  part  of  this  paper.    Since  many  of  the  important  reactions  and 

processes  occurring  within  the  plant  are  influenced  by  slight  changes  in  acidity, 

it  is  desirable  to  know  something  of  the  factors  which  produce  such  changes. 

In  plant  juices  as  in  any  medium  the  hydrogen-ion  concentration  depends 

upon  the  kind  and  amoimts  of  acids,  the  nature  of  the  solvent  or  medium  and 

the  buffer  substances  present.    The  hydrogen-ion  concentration  which  an 

add  can  produce  depends  upon  its  degree  of  dissociation  and  upon  the  amount 

of  add  that  is  present.    Organic  adds  are,  as  a  riile,  much  less  dissociated 

than  inorganic  adds  and  hence  with  equal  dilutions  of  equivalent  amounts 

of  adds  less  addity  is  developed  by  the  former  than  by  the  latter. 

Explanation  of  buffer  action 

Buffer  substances  act  as  regulators  of  the  reaction  preventing  rapid  fluctua- 
tions due  to  an  increase  or  decrease  in  total  adds.  Buffer  action  may  be 
illustrated  in  the  following  way.  In  a  solution  of  HCl  there  is,  according  to 
the  mass-action  law,  an  equilibrium  between  the  ions  and  Che  imdissodated 
molecules  which  may  be  represented  by  the  equation: 

Ch4-  X  Cd-  ^  j^ 
Chci 

This  equation  states  that  the  product  of  the  concentrations  of  the  hydrogen 
and  chlorine  ions  divided  by  the  concentration  of  the  undissodated  HCi  is 

^  Part  n  of  a  thesis  submitted  to  the  faculty  of  the  Graduate  School  of  the  University 
of  Wisconsin  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy. 
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equal  to  a  constant  K.  If  to  the  solution  more  HCl  is  supplied  the  concen- 
tration of  HCl  molecules  is  increased  and  since  the  value  of  K  is  constant 
it  is  necessary,  if  the  equation  is  to  hold  true,  that  the  product  of  the  concen- 
trations of  the  hydrogen  and  chlorine  ions  also  be  increased.  In  order  that 
the  product  may  increase,  more  of  the  HCl  dissociates  to  give  greater  concen- 
trations of  both  the  hydrogen  and  chlorine  ions.  If  however,  a  salt  of  a  weak 
add  as  CHsCOONa  is  added  to  the  solution  the  concentration  of  the  hydrogen^ 
ions  is  held  down  to  some  extent  when  more  add  is  added.  Sodium  chloride 
is  formed  and  the  acetate-ions  which  are  supplied  imite  with  hydrogen-ions 
present  to  form  CHsCOOH  molecules  which  dissodate  much  less  than  HCl 
molecules.  Because  of  this  slight  dissociation  of  CHsCOOH  the  concentration 
of  hydrogen-ions  is  lowered  in  an  extent  which  depends  upon  the  amotmt  of 
CHsCOONa  which  is  present.  The  CHsCOONa  serves  as  a  buffer  in  this 
case. 

In  plants  organic  salts,  proteins  and  other  substances  may  serve  as  buffers 
in  the  way  just  explained.  Hempd  (10)  has  investigated  the  buffer  processes 
in  succulent  plants.  She  condudes  that  on  the  add  side  of  the  litmus  end- 
point,  normal  malate  is  the  main  buffer  and  on  the  alkaline  side  of  the  litmus 
end-point  aluminum  malate  and  some  other  unknown  substances  are  the 
principal  buffers.  These  buffer  substances  play  a  very  important  r61e  in 
plant  hfe  because  they  prevent  rapid  and  excessive  changes  in  the  acidity  of 
plants  which  would  otherwise  result  from  factors  mentioned  in  the  following 
discussion. 

Acids  found  in  plants 

According  to  Pfeffer  (20)  every  plant  produces  some  organic  add  either 
free  or  in  the  form  of  an  add  salt.  Oxalic,  malic,  dtric,  and  tartaric  adds 
occur  most  frequently.  With  the  exception  of  the  oxalic  add  present  as 
caldum  oxalate,  the  organic  adds  and  their  salts  are  for  the  most  part  hdd 
in  solution.  The  inorganic  adds  present  in  the  plant  are  taken  up  from  the 
soil.  The  distribution  of  the  acids  in  the  plant  (1)  has  been  found  to  vary 
with  the  different  parts  as  stems,  leaves,  and  flowers. 

Formation  of  organic  acids  in  plants 

The  formation  of  organic  adds  in  plants  is  now  commonly  held  to  be  con- 
nected with  the  cell  respiration  processes.  Pfeffer  (20)  states  that  the  adds 
are  usually  products  of  katabolism,  but  probably  may  also  be  produced 
synthetically.  Kraus  (13)  believes  that  these  adds  are  secondary  products 
from  the  splitting  up  of  proteins.  Astruc  (2)  states  that  production  of  adds 
is  intimately  associated  with  processes  of  respiration  and  assimilation.  The 
acidity  in  succulents  he  says  is  due  chiefly  to  maUc  add.  Later  workers,  as 
Long  (15),  MacDougal,  Long  and  Brown  (17),  hold  the  view  that  adds  are 
formed  from  the  metabolism  of  carbohydrates.    Factors,  as  water  supply, 
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light,  and  temperature,  which  influence  the  formation  of  carbohydrates  and 
sugars  will  indirectly  influence  the  production  of  these  adds.  In  succulent 
l^aats  MacDougal,  Richards  and  Spoehr  (18)  attribute  add  formation  to 
imperfect  oxidations  residting  from  the  lessened  aeration  in  the  interior  of 
massive  tissues.  Considerable  work  has  been  done  by  Richards  (22,  23,  24, 
25,  26)  on  acidity  and  the  gas  interchange  of  oxygen  and  carbon  dioxide  in 
cacti.  Ridiards  (25)  states  that  the  partial  oxidation  processes  which  give 
rise  to  adds  of  which  imdoubtedly  the  chief  one  is  malic  can  be  concdved  as 
taking  place  at  all  times.  The  substance  oxidized  is  believed  to  be  the  complex 
of  the  living  protoplasm  itself,  which  in  turn  draws  upon  the  reserve  food 
supply  of  accimiulated  carbohydrates.  It  is  likdy  that  sugars  form  unstable 
compounds  with  the  living  protoplasm  and  in  such  unions  oxidation  and  release 
of  energy  take  place.  Whether  free  oxygen  is  necessary  for  this  process 
Richards  does  not  know,  but  quotes  Astruc  (25)  as  stating  that  adds  are  best 
produced  in  an  atmosphere  rich  in  oxygen.  Purjewicz  (21)  has  pointed  out 
that  in  the  breaking  down  of  adds  which  he  regarded  as  an  oxidation  process, 
in  the  absence  of  oxygen  this  process  is  greatly  inhibited.  It  appears  thus 
that  free  oxygen  is  needed  for  both  processes.  However,  Richards  (25)  is 
inclined  to  doubt  that  free  oxygen  is  needed  for  succulents  in  which  cases 
auto-oxidations  by  intramolecular  respiration  might  occur. 

An  early  view  of  add  formation,  but  which  found  little  favor  among  investi- 
gators, was  that  of  Liebig  (14).  Liebig  thought  from  the  disappearance  of 
organic  adds  in  the  ripening  of  fruits,  that  these  adds  were  concerned  in  the 
building  up  of  carbohydrates  and  constituted  intermediate  products  between 
the  carbon  dioxide  on  the  one  hand  and  sugar  on  the  other.  In  view  of  the 
fact  that  acids  are  formed  and  accumulate  within  the  plant  during  the  night 
when  photosynthesis  of  carbohydrates  does  not  occur,  this  theory  at  once 
becomes  untenable. 

Concerning  the  period  of  growth  of  the  plant  in  which  most  addity  is  pro- 
duced, Aubert  (3)  found  less  add  in  the  young  parts  and  most  in  the  recently 
mature  tissue.  According  to  Astruc  (2)  the  adds  are  formed  most  in  young 
organs  which  show  high  cellular  activity  and  a  maximmn  of  turgescence. 
The  adds  gradually  diminish  in  amoimt  as  the  tissues  advance  in  age  either  by 
uniting  with  bases  absorbed  from  the  soil  or  by  esterification.  Nicolas  (19) 
states  that  "in  young  organs,  prindpally  leaves,  intramolecular  combustions 
are  more  complete  than  in  older  organs;  yoimg  tissues  consume  much  more 
oxygen  than  those  completdy  developed,  ....  and  thus  liberate 
greater  quantities  of  energy  which  they  use  in  growth."  This  statement  is 
in  harmony  with  the  observations  of  Aubert  just  noted  as  to  formation  of 
adds  if  they  are  produced  from  incomplete  oxidation  processes. 

Add  formation  in  plants  appears  to  be  intimately  connected  with  the  living 
protoplasm.  Although  the  acids  may  be  largdy  derived  from  transformations 
of  carbohydrates,  it  seems  that  for  breaking  up  of  carbohydrate  molecules 
with  liberation  of  energy  the  molecules  must  first  form  some  sort  of  imion 
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with  the  living  protoplasm.  How  far  the  processes  for  securing  energy  from 
the  carbohydrates  are  removed  from  those  in  which  the  proteins  are  formed  and 
broken  down  is  not  known.  In  all  these  processes  the  protoplasm  is  concerned. 
Whether  add  formation  is  regarded  as  a  result  of  incomplete  oxidation  of 
carbohydrates  or  from  the  formation  and  decomposition  of  proteins  or  all  of 
them  depends  largely  upon  the  way  in  which  the  metabolic  processes  of  the 
plant  are  viewed. 

Factors  influencing  acid  accumulation 

The  factors  which  influence  the  acciunulation  of  adds  may  be  divided  into 
two  groups:  viz.,  internal  and  external  factors.  Considering  the  internal 
factors,  the  accumulation  of  adds  depends  upon  the  kind  and  age  of  the  plant 
and  the  removal  of  the  adds  by  oxidation  or  predpitation  as  salts.  The 
chemical  reactions  of  the  plant  are  governed  by  the  same  factors  affecting 
chemical  reactions  in  the  laboratory,  such  as  temperature,  concentration, 
and  nature  of  the  reacting  substances.  The  formation  of  caldum  oxalate  is 
an  example  of  the  removal  of  an  add  as  an  insoluble  salt.  Salts  of  other 
adds  are  usually  more  soluble  and  their  production  occiirs  to  some  extent 
in  a  self-regulatory  manner,  since  in  the  higher  plants  they  are  commonly 
used  in  the  maintenance  and  regulation  of  turgor  (20).  Pfeffer  (20)  states 
that  a  diminution  in  addity  of  the  cell  sap  may  be  produced  by  an  increased 
formation  of  alkali,  by  a  consumption  of  add,  or  by  union  with  basic  substances. 

The  external  factors  which  influence  most  the  accumulation  of  organic 
adds  are  light  and  temperature.  That  high  illumination  and  high  temperature 
produce  rapid  destruction  or  decomposition  of  these  acids  has  been  found  by 
many  investigators.  Heyne  (11)  was  the  first  to  note  that  leaves  had  a  more 
add  taste  in  the  morning  than  late  in  the  afternoon.  Kraus  (13)  attributed 
the  loss  of  add  during  the  day  to  the  direct  effect  of  light.  De  Vries,  who 
worked  upon  the  periodidty  of  add  formation  in  succulents,  is  reported  (25) 
to  have  f oimd  that  prolonged  darkness  as  well  as  exposure  to  high  temperatures 
produces  a  loss  of  adds.  De  Vries  regards  the  formation  and  splitting  up  of 
the  adds  as  coinddent  processes  which  are  always  taking  place,  the  former 
being  more  rapid  than  the  latter  at  night.  Warburg  (31)  believed  that  the 
decomposition  of  the  acids  during  the  day  furnished  a  source  of  carbon  dioxide 
for  photosynthesis  in  plants  which  were  not  favorably  situated  as  to  gas-inter- 
change relations.  Aubert  (3),  Purjewicz  (21)  and  As  true  (2)  also  found  this 
periodidty  of  formation  and  destruction  of  acids  to  be  due  to  light  and  temper- 
ature changes.  Pfeffer  (20)  states  that  the  percentage  of  adds  decreases  to 
about  the  same  extent  when  the  temperature  of  a  plant  in  darkness  is  raised 
from  15**  to  45°C.  as  when  it  is  exposed  to  daylight. 

Probably  the  work  of  Spoehr  (27,  28,  29)  on  the  photolysis  of  plant  adds 

been  the  most  extensive  as  regards  their  chemical  decomposition.    Spoehr 

working  in  vitro  with  chemical  preparations  found  that  acetic,  glycolic, 

,  malic,  tartaric  and  citric  acids  are  decomposed  in  light,  giving  off 
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considerable  quantities  of  carbon  dioxide.  In  general  the  adds  in  the  form 
of  salts  are  broken  up  more  easily.  The  decomposition  of  malic  acid  and 
its  products  was  studied  (27)  in  particular.  This  add  gave  the  following 
products:  formaldehyde,  acetaldehyde,  formic  add,  acetic  add,  glycolic  add, 
oxalic  add,  and  carbon  dioxide.  It  is  thought  that  in  the  plant  these  products 
can  also  be  formed  by  the  influence  of  light.  From  the  malic  add,  carbon 
dioxide  is  split  off,  giving  rise  to  alcohols  which  in  presence  of  air  are  oxidized 
to  aldehydes  and  these,  in  turn,  to  adds.  In  this  way  the  formation  of  oxalic 
add  may  be  explained.  Although  the  latter  add  is  easily  decomposed  by 
light,  its  caldum  salt  is  photochemically  a  stable  compound.  It  is  also  pointed 
out  that  increases  in  volatile  adds,  as  acetic  and  formic,  can  be  explained  in 
this  way. 

With  plant  juices  Spoehr  found  that  deaddification  is  not  due  to  action 
of  enz3mies,  ndther  is  it  wholly  dependent  upon  the  living  protoplasm,  since 
expressed  juice  when  placed  in  sunlight  diminishes  in  addity  with  formation 
of  carbon  dioxide.  Whether  the  latter  condusion  is  correct  may  be  questioned 
since  fresh  plant  juice  imdoubtedly  contains  living  protoplasm. 

Long  (15),  in  working  with  large  cacti,  foimd  a  higher  accmnulation  of 
adds  in  the  outer  than  in  the  inner  regions.  This  higher  amoimt  of  adds, 
he  says,  is  probably  due  to  the  higher  concentration  of  sugar  in  the  outer 
parts.  In  these  parts  sugar  metabolism  is  greatest  and  hence  a  greater  pro- 
duction of  adds  results.  Since  the  outer  parts  are  most  exposed  to  the  heat 
and  light,  it  is  here  also  that  the  greatest  fluctuations  due  to  diurnal  changes 
occur.  In  what  manner  the  acids  are  produced  in  the  metabolism  of  sugars 
is  not  made  dear. 

The  effect  of  the  kind  of  soil  and  its  fertilizer  treatment  on  plant  addity 
is  beginning  to  receive  considerable  attention.  The  effect  and  relation  of  the 
soil  medium  upon  the  plant  (12)  and  addity  within  the  plant  appears  to  be 
of  considerable  importance.  Reference  to  this  relation  has  already  been 
made  in  Part  I  of  this  paper  (page  217)  in  referring  to  the  investigations  of 
Truog  and  Meacham.  Charabot  and  Hebert  (5)  foimd  that  with  the  pep- 
permint plant,  mineral  salts  when  added  to  the  soil  generally  increased  the 
amoimt  of  volatile  add  in  the  fresh  leaves. 

The  effect  of  soil  treatment  is  further  shown  in  the  work  of  Bauer  and  Haas 
(4).  Their  results  indicate  that  there  is  a  direct  correlation  between  the 
addity  of  the  soil  and  that  of  the  com  plant. 

The  observation  of  Comes  (7)  of  the  relation  existing  between  the  addity 
of  the  cell  sap  of  wheat  and  its  resistance  to  rust  is  of  interest.  Comes  found 
that  with  an  increase  in  starch  in  the  grain  there  is  less  acidity  in  the  cell  sap, 
making  the  plant  more  susceptible  to  rust  attacks.  Since  with  the  increase 
in  amoimts  of  starch  the  percentage  content  of  protein  is  lowered,  this  obser- 
vation strengthens  the  view  that  acids  are  formed  as  by-products  in  protein 
metabolism.  It  is  thus  evident  that  factors  like  soil  treatment,  which  influ- 
ence the  production  of  starch,  may  have  an  effect  upon  the  acidity. 
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EXPERIMENTAL 

The  measurements  reported  herein  were  all  made  by  the  method  and  appa- 
ratus described  in  Part  I  of  this  paper.  The  factor  studied  first  was  the  effect 
of  time  of  standing  of  expressed  juice  and  of  plants  which  had  been  cut.  In 
work  of  this  nature  it  is  important  to  know  something  of  the  rapidity  of  the 
changes  in  acidity  due  to  cutting  of  the  plants  and  standing  of  the  extracted 
jmce  in  order  to  eliminate  errors  from  these  sources. 


Eftd  of  standing  an  acidity  of  juice  and  plants 

The  results  of  the  effect  of  standing  on  the  acidity  of  extracted  juice  are 
given  in  table  1.  Alfalfa  juice  was  used.  This  table  shows  that  the  extracted 
juice  suffers  a  change  on  standing  which  may  be  in  either  direction.    In  table  1 

TABLE  1 
Effect  of  sianding  on  the  oddity  (^  plant  juice  expressed  in  P^  values 

(a)  Plants  cut  2 :  35  p.m. 


Time  of  standing,  minutes. 
P_  value 


80 
5.930 


(b)  Plants  cut  2:00  p.m. 


Time  of  standing,  minutes . 


P_  value 


135 
5.758 


(c)  Plants  cut  at  7:  15  a.m. 


Time  of  standing,  minutes. 


P   value. 

•I 


115 
5.753 


(a)  a  slight  increase  in  acidity  has  occurred.  In  table  1  (b)  the  juice  is  shown 
to  become^less  acid  during  the  first  hoiu:  of  standing.  This  is  followed  by  an 
increase  in  acidity  90  minutes  later,  which  acidity  is  greater  than  that  of  the 
fresh  juice.    In  table  1  (c)  the  acidity  increases  directly  on  standing. 

This  increase  in  acidity  is  probably  due  to  enzyme  action  on  the  sugars 
and  other  changes  in  the  protoplasmic  substances  present.  The  decrease  in 
acidity  of  the  juice  in  table  1  (b)  is  probably  due  to  the  breaking  up  of  adds 
present  as  noted  by  Richards  (25).  In  this  case  it  appears  that  at  first  the 
rate  of  add  destruction  was  greater  than  the  rate  of  add  formation. 

The  changes  in  addity  of  the  juice  of  plants  which  have  been  cut  and  let 
stand  in  the  laboratory  were  uniformly  toward  less  addity,  with  one  exception. 
Table  2  gives  these  results.  It  is  to  be  noted  that  these  changes  correspond 
to  the  diurnal  changes  in  addity  of  plants  during  the  day  due  to  such  factors 
as  light  and  temperature. 


HYDROGEN-ION  CONCENTRATION  OP  PLANT  JXHCES 


253 


The  results  in  tables  1  and  2  show  that  acidity  changes  do  occur  in  extracted 
juices  and  plants  that  have  been  cut.  Although  these  changes  may  be  small, 
yet  it  is  clearly  shown  that  determinations  of  acidity  should  be  made 
as  quickly  as  possible  after  the  plants  are  cut  and  the  juice  is  extracted. 

TABLE  2 
The  effect  on  acidity  of  aUowing  cut  alfalfa  plants  to  stand  before  expressing  the  juice 

(a)  Plants  cut  2: 15  p.m. 


Time  of  standing,  minutes . 


P^  value 


145 
6.050 


(b)  Plants  cut  8:  20  a.m. 


Time  of  standing,  minutes. 
P«  value 


95 
5.907 


(c)  Plants  cut  8: 30  a.m. 


Time  of  standing,  minutes. 


P^  value , 


90 
5.788 


(d) 


Time  of  standing,  minutes. 


P^  value, 


100 
5.987 


(e) 


Time  of  standing,  minutes. 
P«  value 


105 
5.956 


(f) 


Time  of  standing,  minutes. 
P.  value 


170 
5.793 


Effect  of  diurnal  changes  on  the  acidity  of  the  juice  from  cowpeas 

The  acidity  changes  in  the  juice  from  the  leaves,  steins,  and  roots  of  cow- 
peas  were  followed  for  a  period  of  24  hours.  The  cowpeas  were  grown  in  the 
greenhouse  in  a  large  cylinder  containing  a  slightly  acid  sand  soil  and  were 
32  da3rs  old  when  the  determinations  were  made.  Inoculation  was  insured 
by  adding  to  the  soil  a  culture  of  the  proper  legume  bacteria.  Determinations 
of  addity  of  the  leaves  and  steins  were  made  alternately  every  two  hours, 
starting  at  6.30  a.m.  The  acidity  of  the  roots  was  determined  but  four  times 
during  the  24-hour  period.  The  results  of  these  determinations  are  given  in 
table  3. 
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TABLE  3 


Diumal  changes  in  acidUy  expressed  in  Ph  of  juice  from  leaves,  stems,  and  roots  of  compoat. 

Determinations  started  6:30  a.m,,  July  2$y  1919 


ma  OF 

DKTSUCXNATION 

LEAVES 

8TX1CS 

toon 

6:46a.m 

P. 
5.400 

^n 

^ 

7:38a.in. 

5.047 

8: 32  a.m 

5.417 

9: 24  a.in. 

5.076 

10: 04  a.111. 

5.834 

10:37ajn. 

5.276 

ll:26ajn. 

5.166 

12:42p.in. 
l:22pjn. 

5.369 

5.186 

2:47pjii. 
3:43p.in. 

5.426 

5.210 

4: 41  p.in. 

5.742 

4: 57  p.in. 
5: 45  p.m. 

5.517 

5.319 

6: 40  p.m. 
7:42  p.m. 

5.499 

5.294 

8: 25  p.m. 

5.529 

9: 41  pjD. 

5.323 

9:05  p.m. 

5.741 

10: 43  p.m. 

5.607 

11:23  p.m. 

5.314 

12:32  a.m. 

5.813 

1:37  a.m. 

5.216 

2:27  a.m. 

5.451 

3:56  a.m. 

5.186 

3: 13  a.m. 

5.769 

4: 31  a.m. 

5.451 

5: 12  a.m. 

5.151 
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In  figure  1  these  results  are  plotted  as  curve  with  the  time  of  day  as  abscissas 
and{the  Ph  values  as  ordinates.  These  curves  show  a  periodicity  in  Pb  for 
the  different  parts  of  the  plant. 

It  is  to  be  noted  that  in  the  leaves  the  highest  acidity  occurs  in  the  morn- 
ing, from  which  time  on  the  acidity  decreases.  This  is  in  accord  with  the 
results  of  previous  investigators  to  which  reference  has  been  made.  In  case 
of  the  stemSy  the  curve  shows  the  same  general  trend  as  in  case  of  the  leaves. 
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Fig.  1.  CxTBVEs  Showing  Diusnal  Changes  in  Acidity  or  Leaves,  Steics,  and 

Roots  or  Cowfeas 

Acidity  determinations  started  6: 30  a.m./ July  25,  1919 


The  acidity  gradually  decreases  during  the  day,  reaching  its  lowest  point 
about  9.30  p.m.  from  which  time  on  it  gradually  increases.  The  curve  for 
the  roots  indicates  a  reverse  in  acidity  changes  from  those  of  the  leaves  and 
stems.  The  time  of  highest  acidity  in  the  roots  appears  to  occur  in  general 
during  the  day.  This  may  possibly  be  due  to  the  faster  removal  of  the  bases 
from  the  roots  during  the  day-time  because  of  a  greater  transpiration  stream. 
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Efect  of  soil  on  oddity  of  plant  juice 

Crops  of  oats,  buckwheat,  soybeans,  and  cowpeas  were  grown  on  a  strongly 
acid  (30)  sand  soil  receiving  different  treatments  and  the  Ph  values  of  the 
juices  of  the  plants  were  determined  at  different  stages  of  their  growth. 

The  plants  were  grown  in  the  greenhouse  in  pots  containing  11,500  gm.  of 
Plainfidd  sand.  Each  pot  received  2  gm.  of  KsHP04  added  in  solution  and 
mixed  thoroughly  through  the  soil.  One-half  of  the  pots  received  in  each 
36.8  gm.  of  finely  ground  limestone,  which  was  at  the  rate  of  about  4  tons 
per  acre,  and  was  mixed  into  the  soil  at  the  same  time  with  the  E3HPO4. 

For  growing  the  plants  which  were  used  in  their  early  stages  of  growth, 
pots  containing  one-half  the  amoimts  of  soil  stated  were  used.  Fifty-six 
pots  in  all  were  used  for  the  four  kinds  of  crops.  The  jars  were  seeded  on 
Jime  19.  In  order  to  determine  what  the  natural  or  normal  acidities  of 
seedlings  of  these  plants  might  be  when  unaffected  by  soil  nutrients,  seeds 
of  these  plants  were  at  this  same  time  germinated  in  pure  white  quartz  sand 
without  the  addition  of  nutrients. 

TABLE  4 

AcidUy  of  stems  and  leaves  of  seedlings  groum  in  quarts  sand  without  nutrients.    Seeded 

June  19,  1919 


DATE  OT  DETSUONATION 


June  27 
July  1 
July  4 
July    8 


P„  VALUES  OV  FLAMTS 


OaU 


5.576 
5.534 


Buckwheat 


4.332 


Soybeans 


5.965 
6.119 


Cofwpcas 


5.724 
5.648 


On  Jime  23  the  soybeans  and  cowpeas  were  inoculated  with  the  proper 
legume  bacteria  and  to  each  of  the  large  jars  of  oats  and  buckwheat  0.5  gm. 
NH4NO8  was  added  in  solution.  The  small  jars  received  0.25  gm.  each.  On 
July  13  a  second  application  of  K2HPO4  of  0.5  gm.  in  solution  was  added  to 
each  of  the  large  jars. 

Differences  in  the  size  of  the  plants  due  to  the  favorable  action  of  the  lime 
were  noticeable  in  case  of  oats  and  buckwheat  on  Jime  26,  which  difference 
had  disappeared  by  July  13.  Soybeans  responded  to  lime  and  a  distinct 
difference  between  the  limed  and  unlimed  jars  was  maintained  throughout 
the  growing  period.  The  cowpeas  showed  no  increase  in  growth  due  to  lime, 
but  the  plants  of  the  limed  soil  were  darker  green  in  color.  In  fact  lime  pro- 
duced a  darker  green  color  in  all  the  plants.  At  the  time  of  the  last  deter- 
minations of  the  acidity  of  the  plants,  the  oats  and  buckwheat  were  in  the 
flowering  stage  but  the  soybeans  and  cowpeas  had  not  yet  reached  that  stage. 

In  table  4  the  acidities  of  the  juice  of  the  seedlings  grown  in  white  quartz 
sand  are  given.  In  case  of  the  soybeans  and  cowpeas  the  cotyledons  were 
discarded. 
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In  tables  5,  6,  7,  and  8  are  given,  respectively,  the  acidities  at  different 
stages  of  growth  of  oats,  buckwheat,  soybeans,  and  cowpeas  grown  on  un- 
limed  and  limed  Plainfield  sand.  Acidities  in  different  parts  of  the  plants 
also  are  given. 

TABLE  5 

Acidity  of  the  oat  plant  at  different  stages  of  growth  and  in  its  different  parts.    Oats  seeded 

June  19,  1919,  on  Plainfidd  sand 


DAXB  ow  nsnRMiNATnm 


July  1 
July  4 
July  10 
July  14 
July  22 
July  28 
July  28 
July  28 


CHAXACTKR  OW 


Whole  top 
Whole  top 
Whole  top 
Whole  t(^ 
Whole  top 
Leaves 
Steins 
Roots 


P„  TALUKS 


Unlimed 


5.812 
6.009 
5.938 
6.102 
5.843 
5.968 
5.954 
6.197 


Limed 


5.783 
5.859 
5.896 
5.955 
5.518 
5.722 
5.854 
6.368 


The  residts  in  table  5  on  oats  show  that  the  leaves  and  stems  of  the  limed 
plants  were  more  add  than  those  of  the  unlimed  plants.  The  roots,  however, 
were  more  add  in  the  case  of  the  imlimed  plants. 


TABLE  6 


Acidity  of  the  buckwheat  plant  at  different  stages  of  growth  and  in  its  different  parts.    Buck- 
wheat seeded  June  19,  1919,  on  Plainfield  sand 


DATE  OT  DKnRMINATION 


July  1 
July  8 
July  10 
July  13 
July  18 
July  20 
July  20 
July  28 
July  28 


CHARACnX  OT 
MATERIAL 


Whole  top 
Whole  top 
Whole  top 
Whole  top 
Whole  top 
Leaves 
Stems 
Leaves 
Stems 


P^  VALUES 


Unlimed 


4.832 
4.696 
5.003 
5.170 
4.949 
5.362 
5.153 
5.284 
4.237 


Limed 


5.429 
4.878 
4.823 
5.219 
5.205 
5.931 
4.968 
5.755 
4.378 


In  table  6  the  addity  of  buckwheat  plants  is  shown  in  general  to  decrease 
where  lime  was  added.  Only  in  two  cases  did  the  limed  plants  show  a  greater 
addity.  The  addity  of  the  roots  was  not  determined  because  of  insuflGident 
materiaL 

In  table  7  the  results  for  soybeans  show  that  where  the  whole  tops  or  leaves 
are  compared,  the  limed  plants  had  the  greater  addity.  The  stems  of  the 
luned  plants  were  less  add  in  two  of  three  cases.  The  roots  of  the  limed 
plants  as  in  the  case  of  oats  were  also  less  add. 
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TABLE  7 

Acidity  of  the  soybean  plant  at  different  stages  of  growth  and  in  its  different  parts.    Soyl 

seeded  June  19,  1919,  on  Plainfidd  sand 


DATE  OV  DXTKSmNATION 


July  1 
July  8 
July  13 
July  14 
July  22 
July  22 
July  28 
July  28 
July  28 


CHARACTKR  OT 
MATERIAL 


Whole  top 

Whole  top 

Whole  top 

Stems 

Leaves 

Steins 

Leaves 

Stems 

Roots 


P.VALUn 


Unlimed 


5.970 
6.246 
6.408 
6.092 
6.533 
5.981 
6.272 
5.827 
5.947 


Lima 


5.94 
6.14 
6.25 
6.17 
6.27 
5.79 
6.24 
5.84 
5.99 


Table  8  gives  the  results  with  cowpeas.  The  leaves  of  the  limed  pL 
are  the  more  add  as  is  the  case  of  the  leaves  of  the  Umed  soybeans  and  c 
With  the  tops  and  leaves  together  the  limed  plants  are  less  add,  with 
exception.  It  is  to  be  noted  again  that  the  roots  of  the  limed  plants  are 
add,  as  were  those  of  oats  and  soybeans. 


TABLES 

Acidity  of  the  cowpea  plant  at  different  stages  of  growth  and  in  its  different  parts, 

seeded  June  19,  1919,  on  Plainfield  sand 


Cow 


DATE  or  DETBUONATION 


June  27 
June  30 
July  8 
July  12 
July  22 
July  22 
July  27 
July  27 
July  27 


CHARACTBE  OT 
MATERIAL 


P„  VALUES 


Unlimed 


Whole  top 

5.6S5 

5.76 

Whole  top 

5.518 

5.53 

Whole  top 

5.471 

5.45 

Whole  top 

5.659 

5.73 

Leaves 

5.811 

5.63 

Stems 

5.431 

5.34 

Leaves 

5.703 

5.55 

Stems 

5.552 

5.65 

Roots 

5.785 

5.83 

Limed 


In  a  study  and  comparison  of  the  data  from  the  four  crops,  several  u] 
pected  results  occur.  There  is,  however,  a  direct  correlation  between 
and  plant-root  addities.  The  addity  of  the  buckwheat  roots  could  no 
determined  because  the  amount  of  material  was  too  limited.  Howevei 
seems  safe  to  conclude  that  the  roots  of  buckwheat  plants  grown  on  hi 
soil  were  less  add,  as  was  the  case  with  the  stems  and  in  most  cases  with 
leaves.  This  correlation  between  plant-root  addity  and  soil  addity  is 
important  one,  and  is  what  normally  would  be  expected.  It  indicates  1 
an  acid  condition  of  the  soil  may  limit  the  supply  of  bases  to  an  extent  suffic 
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to  raise  the  plant-root  acidity.  The  rise  in  plant-root  acidity  undoubtedly 
limits  the  supply  of  bases  needed  by  the  growing  stems  and  leaves.  The 
rise  in  root  acidity  may  also  act  unfavorably  on  the  symbiotic  bacteria  which 
live  in  nodules  attached  to  the  roots  of  the  legumes.  This  would  be  in  direct 
correlation  with  the  results  of  Fred  and  Loomis  (9)  and  Fred  and  Davenport 
(8)  which  show  that  legimoie  bacteria  have  a  rather  narrow  optimimi  range 
of  acidity. 

In  the  case  of  the  leaves  of  the  different  plants,  with  the  exception  of  buck- 
wheat, the  results  are  the  reverse  of  what  they  are  with  the  roots.  From 
these  results  the  effect  of  lime  on  the  acidity  of  leaves  may  be  explained  as 
follows.  Since  the  effect  of  lime  is  in  general  to  produce  healthier  and  more 
vigorous  plants,  it  is  possible  that  in  some  cases  these  plants  may  have  a 
higher  acidity  than  those  not  receiving  lime.  In  healthier  and  more  vigorous 
plants  metabolic  processes  are  taking  place  more  rapidly  and  if  the  production 
of  adds  is  a  measure  of  protein  or  carbohydrate  metabolism,  the  larger  amoimts 
of  adds  in  the  leaves  can  be  explained,  even  though  the  supply  of  bases  in 
the  roots  of  limed  plants  is  greater.    However,  to  establish  this  point  more 

TABLE  9 

A  comparison  of  effects  of  NHiNOj  and  NaNOj  on  the  acidity  of  oats  grown  on  unUmed  and 

limed  add  Plainfidd  sand.  Oats  seeded  July  3,  1919 


' 

CHARAcm  or 

ICATERIAL 

P^  VALUES 

DATS  or  DXTKUONATION 

NH4N0« 

NaNOi 

Unlimed 

Limed 

Unlimed 

Limed 

July  16 

Whole  top 
Whole  top 

5.877 
5.910 

5.857 
5.926 

5.829 
5.950 

5.777 

J***J   **' 

July  19   

5.881 

J  •**^  *^  • 

fully  it  would  be  necessary  to  correlate  by  plant  analysis  the  protein  and 
carbohydrate  content,  and  perhaps  ash  content,  with  the  plant  addity.  Much 
information  could  probably  also  be  obtained  from  comparisons  of  the  diurnal 
changes  in  acidity  of  limed  and  unlimed  plants. 

To  the  plant  cultures  with  Plainfield  sand,  NH4NQ5  was  added  in  order  to 
insure  an  ample  supply  of  nitrogen.    Undoubtedly  in  the  unlimed  soil  the 
anunonimn  part  of  the  salt  did  not  change  to  nitrates  as  rapidly  as  in  the 
limed  soil  and  hence  there  was  the  possibility  that  this  ammonium  might 
lessen  the  acidity  of  the  plants.    In  order  to  get  some  information  regarding 
this,  oats  were  grown  on  Plainfidd  sand  suppUed  with  the  same  treatment 
^s  previously  given,  with  the  exception  that  in  one  set  the  nitrogen  was  sup- 
plied as  NBUNQs  and  in  the  other  as  NaNQs.    The  results  are  given  in  table  9. 
The  addity  of  the  plants  was  less  in  the  case  of  the  unlimed  soil  when  either 
sodium  or  ammoniimi  nitrate  was  used,  with  one  exception.    With  the  excep- 
tion of  one  case  the  plants  receiving  ammonium  nitrate  were  less  add  than 
Those  receiving  sodium  nitrate.    These  results  indicate  that  fertilizers  may 
liave  an  appreciable  effect  on  plant  addity. 
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In  table  10  a  comparison  of  the  effects  of  sodium  and  ammonium  nitrates 
on  the  acidity  of  oat  seedlings  grown  on  quartz  sand  without  nutrknts  is 
given.    In  this  case  the  plants  grown  with  NaNO»  were  less  add. 

TABLE  10 

A  comparison  of  the  effects  of  NH4NQ1  and  NaNQi  on  acidity  of  T-day-M  oat  seedHngs  ffowm 

on  quartz  sand 


DATE  OT  DnXKlONATIOH 

CHAKACXKE  OT 

Pj^vAum 

NH«N0i 

NaMOk 

July  21 

Whole  top 

5.658 

5.750 

y  »— ^      ^••••••••••••••••••••■■••••••■•••>« 

SUMMARY 

Views  concerning  the  formation  of  acids  within  the  plant  and  factors  affect- 
ing their  acomiulation  have  been  briefly  reviewed.  These  views  conflict 
in  many  cases.  One  of  the  most  plausible  views  concerning  acid  formation 
is  held  by  Richards  (25).  He  supposes  that  the  living  protoplasm  forms 
with  the  carbohydrates  unstable  unions  which  by  intramolecular  respiration 
processes  break  down,  giving  organic  acids  as  by-products.  Under  good 
conditions  of  oxidation  these  would  be  largely  broken  down  into  water  and 
carbon  dioxide.  Incomplete  oxidation  of  carbohydrates  existing  in  one  form 
or  another  thus  seems  to  be  one  of  the  main  sources  of  adds  other  than  carbon 
dioxide.  The  relation  of  protein  metabolism  to  acid  formation  is  not  d^- 
nitely  known  but  imdoubtedly  some  adds  at  least  may  be  formed  in  these 
processes.  Adds  accumulate  at  night  and  are  destroyed  in  the  daytime, 
hence  it  seems  reasonable  to  believe  that  high  illiunination  and  high  tempera- 
tures bring  about  rapid  destruction  of  plant  adds. 

In  making  determinations  of  acidity  or  hydrogen-ion  concentration  of  plant 
juices  it  is  very  important  to  take  into  consideration  the  following.  Expressed 
plant  juice  usually  becomes  more  add  on  standing.  Plants  when  cut  and 
allowed  to  stand  some  time  before  the  juice  is  expressed  usually  become  more 
alkaline.  Where  a  comparison  is  to  be  made  between  two  sets  of  plants, 
they  should  all  be  cut  at  the  same  time  and  the  determinations  made  as 
quickly  as  possible. 

The  diunud  changes  in  the  addities  of  the  leaves,  stems,  and  roots  of  the 
cowpea  were  followed  during  a  24-hour  period.  In  conformity  with  the  work 
of  other  investigators  using  different  methods,  the  addity  of  the  leaves  and 
stems  was  found  to  be  highest  in  the  morning  and  decreased  dining  the  day. 
The  addity  of  the  roots  was  found  to  be  highest  during  the  day.  The  higher 
acidity  of  the  roots  in  the  day  may  possibly  be  due  to  the  faster  rate  of  move- 
ment of  bases  from  the  roots  up  into  the  plant  during  the  day  because  of  a 
greater  transpiration  stream  at  this  time.  The  decreased  addity  of  the  leaves 
and  stems  in  the  day  is  attributed  to  the  destruction  of  the  accumulated  adds 
by  influences  as  increased  Ught  and  higher  temperatures.  Undoubtedly 
diurnal  changes  in  plant  processes  also  are  factors. 
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Addity  measurements  were  made  of  oats,  buckwheat,  soybeans,  and  cow- 
peas  at  different  stages  of  their  growth  and  in  their  different  parts.  Plainfield 
add  sand,  part  of  which  received  suffident  lime  to  neutralize  the  add  present, 
was  used.  Many  unexpected  results  were  obtained.  With  the  exception  of 
buckwheat  the  tops  of  the  limed  plants  were  usually  more  add.  There  is 
thus  an  indication  that  in  some  cases  lime,  by  stimulating  the  natural  life 
and  growth  processes  of  the  plant,  causes  a  rise  in  the  production  of  adds 
and  hence  a  higher  addity  within  the  leaves  where  the  most  active  processes 
take  place. 

The  addity  of  the  roots  of  the  plants  appears  to  correlate  with  the  addity 
of  the  soil.  The  relation  of  soil  addity  and  liming  to  plant  growth  and  the 
S3mibiotic  legume  bacteria  is  thus  indicated,  since  the  roots  are  the  source 
of  the  Ume  needed  by  the  other  parts  of  the  plant  for  neutralizing  adds  and 
other  purposes. 

The  addity  of  the  tops  of  oats  grown  on  unlimed  soil  is  less  than  in  limed 
son  when  dtJier  NaNOs  of  NH4NO8  is  used  as  a  source  of  nitrogen,  with  one 
exception.  With  pure  quartz  the  use  of  NaNOs  produced  plants  of  less 
addity  than  the  use  of  NH4NO8.  With  Plainfield  sand  soil  the  reverse  was 
usually  the  case.  The  form  of  fertilizer  thus  appears  to  affect  the  addity 
of  plants  to  some  extent. 

The  investigation  reported  has  been  largely  on  methods  and  hence  is  of 
a  preliminary  natiu^.  Further  investigations  are  needed  before  definite  con- 
dusions  can  be  drawn  regarding  the  influence  of  soil  addity  and  fertilizers 
on  the  addity  and  metabolic  processes  of  plants.  The  influences  of  the  soil 
upon  the  addity  of  the  plants  could  imdoubtedly  be  made  dearer,  if  the 
diurnal  changes  of  the  addities  of  the  plants  were  followed  in  all  cases.  Plant 
analysis  for  protein,  carbohydrate,  and  ash  content  might  also  show  something 
of  the  relation  between  add  formation  and  the  formation  or  destruction  of 
these  classes  of  compoimds,  as  weU  as  their  relation  to  the  ash  and  especially 
lime  content 
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INTRODUCTION 

Experiments  made  by  Barthel  and  others  have  shown  that  the  part  of  the 
nitrogen  in  solid  manure  that  is  first  nitrified  in  the  soil  is  the  ammonia-nitrogen. 
This  is  only  what  is  to  be  expected.  However,  the  experiments  showed  further, 
not  merely  that  the  higher-nitrogen  compounds,  apparently,  are  not  nitrified 
until  after  the  lapse  of  a  very  long  time,  but  that  even  the  anmionia-nitrogen 
present  from  the  outset  is  not  in  its  entirety  converted  into  saltpetre  during 
the  first  year  of  growth.  Moreover,  it  was  found  that  in  well-tilled  arable 
soil  with  a  decidedly  acid  reaction,  nitrification  can  take  place  with  as  much 
energy,  at  least,  as  in  a  soil  of  neutral  reaction.  It  is  true  that  these  experi- 
ments were  not  made  under  conditions  exactly  similar  to  those  prevailing  in 
agricultural  practice;  but  the  circiunstances  were  extremely  favorable  for  the 
rapid  and  energetic  operation  of  the  nitrification  process. 

Thus  previous  experiments  had  shown  that  even  in  conditions  extremely 
favorable  to  nitrification  only  a  part,  larger  or  smaller,  of  the  ammonia 
nitrogen  of  solid  manure  is  nitrified  during  the  first  year  of  growth;  but  it  still 
remained  to  be  ascertained  whether  the  fertilizing  action  of  the  stable  manure 
could  be  enhanced  by  any  of  the  artificial  fertilizers  which  are  within  the  reach 
of  the  farmer. 

The  first  factor  considered  was  lime.  From  many  points  of  view  lime  is  a 
very  valuable  fertilizer,  mainly  because  of  its  basic  properties  and  its  conse- 
quent capacity  for  regulating  the  hydrogen-ion  concentration  in  the  soil  in  a 
manner  favorable  to  bacterial  life.  However,  few  experiments  had  hitherto 
been  made  with  the  direct  object  of  ascertaining  the  action  of  lime  on  the 
nitrification  of  stable  manure,  and  as  these  were  by  no  means  decisive,  it  was 
considered  well  worth  while  to  take  up  this  question  for  investigation. 

The  method  principally  employed  was  that  adopted  in  our  previous  experi- 
ments on  nitrification.  Briefly,  it  was  as  follows.  The  diflFerent  ingredients 
Were  first  carefully  blended  with  the  soil  which  was  then  placed  in  glass  jars 
holding  5  kgm.  each.  The  soil  was  well  packed  down  by  knocking  each  jar 
On  the  floor  a  certain  number  of  times,  and  each  jar  was  sealed  with  a  cork,  in 
the  middle  of  which  was  a  short  glass  tube  containing  cotton-wool.    By  this 
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simple  procedure  the  evaporation  is  practically  reduced  to  nil,  even  if  the  soil 
is  kept  for  a  very  long  time,  while  the  air  has  practically  unimpeded  access  to 
the  soil.  During  the  experiments  the  jars  were  kept  in  the  laboratory  at  a 
temperature  of  15  to  25^C.  according  to  the  season  of  the  year.  At  r^ular 
intervals  samples  were  analyzed  for  their  content  of  nitrate-nitrogen,  ammonia- 
nitrogen  and  moisture. 

The  nitrate-nitrogen  was  determined  colorimetrically  in  accordance  with  the 
phenol-sulfuric  acid  method.  The  content  of  moisture  in  the  soil  in  our 
experiments  remained  constantly  between  15  and  20  per  cent,  the  most 
favorable  percentage  for  the  formation  of  nitrate. 

A  number  of  experiments  were  made  in  the  determination  of  the  ammonia 
content  of  the  soil,  and  are  recorded  below. 

DETERMINATION  OF  THE  PERCENTAGE  OF    AMMONIA    IN    THE    SOIL 

As  McBeth  (5)  has  shown,  ammonia  which  is  added  to  the  soil  either  in  a 
free  state,  or  in  the  form  of  ammonium  salts,  cannot  be  quantitatively  recov- 
ered by  any  of  the  usual  methods  for  the  determination  of  ammonia  in  soil. 
McBeth  tested  the  methods  of  both  Boussingault  (direct  distillation  with 
MgO)  and  Schlosing  (extraction  with  HCl  and  the  distillation  of  the  extract 
with  KOH)  and  found  them  to  be  approximately  of  equal  value.  When  50 
mgm.  of  ammonia-nitrogen  were  added  to  100  gm.  of  earth,  the  nitrogen  losses 
in  the  case  of  two  soils  examined  by  McBeth  amounted  to  48  and  80  per  cent. 
By  direct  distillation  with  KOH  or  by  boiling  with  HQ  for  4  hours  and  distilling 
the  extract  with  KOH,  the  losses  could  be  reduced  considerably.  However, 
neither  of  these  methods  seems  to  be  desirable,  as  in  both  cases  the  splitting 
of  ammonia  out  of  the  organic  nitrogenous  elements  of  the  soil  is  to  be  feared. 
McBeth  found  also  that  the  capacity  of  the  soil  for  binding  ammonia,  with  the 
exception  of  humus  soils,  increases  directly  with  the  depth  below  the  surface. 

The  results  of  some  experiments  on  three  different  soils  are  set  forth  in  table 
1.  The  stated  admixtures  of  ammonia  were  supplied  in  the  form  of  a  solution 
of  sulfate  of  aramonia  (25  cc),  which  was  allowed  to  soak  in  the  soil  for  at 
least  30  minutes  before  the  determinations  of  ammonia  were  made  (in  accord- 
ance with  the  Boussingault  method).  The  original  content  of  ammonia  in  the 
soil  was,  of  course,  determined  at  the  same  time.  The  distillate  amounted  to 
350  to  400  cc.  All  the  analysis  figures  in  this  and  the  following  tables  are  the 
average  of  two  determinations.    Soil  in  was  a  himius  soil. 

These  experiments  thus  confirm  McBeth's  results,  even  though  the  losses 
here  are  much  smaller.  Even  in  this  latter  respect  our  results  tally  with  those 
of  McBeth  in  principle  seeing  that  in  the  case  of  hmnus  soils  the  losses  did  not 
increase  with  the  depth  beneath  the  surface. 

There  is  thus  reason  to  doubt  the  correctness  of  the  ammonia  figures  ob- 
tained for  original  soils  with  the  use  of  the  ordinary  method  of  distillation  with 
MgO.    A  method  for  the  determination  of  ammonia  cannot  in  fact  be  regarded 
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as  reliable  unless  the  results  of  the  analysis  show  the  origmal  ammonia  content 
in  the  soil  plus  the  ammonia  added. 

Baiagiola  and  Schuppli  (1)  maintain  that  they  have  solved  this  problem. 
After  adding  100  cc.  of  water  to  50-100  gm.  of  soil,  they  distilled  oflf  to  dryness 
with  MgO  in  a  vacuimi  of  1 5  mm.  Hg.  at  35^C.  The  cupellation  was  facilitated 
by  an  ammonia-free  current  of  air,  which  was  supplied  through  a  capillary 
tube.  In  all  the  cases  investigated  they  recovered  quantitatively  the  ammonia 
added. 

TABLE  1 
Determinations  of  ammonia  in  soil  according  to  Boussingault's  method 


Nmaix  ov  SOIL 


DIPIH  ov  SAMPLING 


Soill 


Soiin 


Soflm 


cm. 

5-15 
25-35 

5-15 
25-35 

5-15 
25-35 


AMMONXA-NITROOEM 
ADDED  TO  50  GM . 

son. 


mgm. 

53.8 
53.8 

53.8 
53.8 

53.8 
53.8 


AMMOMIA-lRimOGXM 

RKTAiHED  nr  nft- 

CEMTAGl  OT  TBS 
AMOUNT  ADDXD 


Perunt 

4.39 
7.71 

7.94 
16.28 

5.19 
3.73 


TABLE  2 

Determination  of  ammonia  in  soils:  comparison  of  methods  of  Boussingault  and  of  Baragida 

and  Schuppli 


NUMBER  OF  SOIL 


3oai 


^ofln 


{ 


^oflm 


DEFTBOF 
SAMPLING 


cm. 

5-15 

5-15 
25-35 

5-15 


AMMONIA-NIXRO- 

OBN  ADDED  TO 

50  OM.  SOIL 


MfM. 

53.8 

53.8 
53.8 

53.8 


LOSS  OP  AMMONIA-NITEOOEN  IN 

PEKCENTAGB  OP  TBS  AMOUNT 

ADDED 


BangioUftnd 
Schuppli  method 


Perctmt 
5.21 

13.42 
27.60 

2.93 


Bouningault 
method 


Percent 
1.56 

7.94 
16.28 

15.10 


Table  2  gives  the  results  obtained  in  comparative  experiments  with  the  last- 
xnentioned  method  and  the  Boussingault  method,  when  the  soil  was  supplied 
-with  (NHOaSO*. 

Thus  only  in  one  case  was  the  vacuum  method  superior  to  the  ordinary  dis- 
tillation. In  the  three  other  cases,  on  the  other  hand,  it  yielded  far  inferior 
"values  to  the  Boussingault  method.  The  explanation  why  Baragiola  and 
Schuppli  obtained  such  good  results  with  their  method  must  be  that  they 
"worked  with  soils  which  were  very  weak  binders  of  ammonia.    It  is  manifest 
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from  both  tables  1  and  2  and  from  the  figures  given  by  McBeth  that  this 
absorbing  capacity  may  in  fact  vary  considerably  for  different  soils. 

The  determinations  of  ammonia  in  the  soils  without  admixture  of  ammonia 
gave  the  values  shown  in  table  3. 

Baragipla  and  Schuppli  found  that  the  soils  investigated  by  them  were 
entirely  free  from  ammonia,  with  the  exception  of  a  strongly  manured  garden 
soil  and  a  dry  peat  soil,  which  contained,  respectively,  1.45  and  0.15  mgm. 
anunonia-nitrogen  per  50  gm.  of  soil.  As  is  evident  from  table  3,  the  vacuum 
method  in  this  case  too  gave  low  values,  which  are  considerably  surpassed  by 
the  results  obtained  with  the  Boussingault  method.  However,  as  neither  of 
the  methods  quantitatively  showed  the  ammonia  added,  it  is  not  possible  to 
decide  which  of  them  gives  the  more  correct  value  for  the  ammonia  content  of 
the  soil.  It  is  equally  possible  that  the  Boussingault  method  is  more  capable 
of  separating  adsorbed  ammonia,  and  that  the  capacity  of  the  vacuum  method 
in  this  respect  is  inadequate,  as  the  increased  output  in  accordance  with  the 
Boussingault  method  is  due  to  a  splitting  of  organic  nitrogen 


»ii)iii».«iiii(« 


TABLE  3 

AMMOMU-mnooBr  or  50  GK.  SOIL 

NUMBBK  OW  SOIL 

SchttppU  method 

BooMiiiCMdt 
metliod 

Soil  I 

cm. 
5-15 

5-15 
25-35 

5-15 

0.21 

0.07 
1.89 

0.07 

fllfW. 

2.24 

SoUII 1 

3.50 

Soiini 

9.66 
8.40 

There  is  certainly  no  reason  to  prefer  the  vacuum  method  to  the  Boussingault 
method,  especially  as  the  latter  seems  to  release  more  adsorbed  ammonia 
(table  2). 

We  have  also  tested  the  following  method,  elaborated  by  Potter  and  Snyder 
(8)  for  the  determination  of  ammonia  nitrogen  in  soil,  a  method  for  which 
entire  reliability  is  claimed.  A  retort  is  charged  with  25  gm.  of  soil,  50  cc.  of 
ammonia-free  water,  a  few  drops  of  some  heavy  mineral  oil  (in  order  to  prevent 
foaming)  and  about  2  gm.  Na2C08.  The  retort  is  in  connection  with  a  flask 
containing  N/10  H2SO4  and  an  air  pump.  Ammonia-free  air  is  sucked  through 
the  apparatus  at  a  speed  of  250  liters  an  hour. 

The  experiments  were  made  on  soil  II  from  5-15,  15-25  and  25-35  cm. 
depths.  At  the  same  time  determinations  were  made  according  to  the 
Boussingault  method.    The  results  are  set  forth  in  table  4. 

Twenty-five  grams  of  each  of  the  soils  contained  0.07,  0.0  and  0.0  mgm.  of 
ammonia  nitrogen,  respectively,  in  accordance  with  the  Potter  and  Snyder 
method,  and  2.82,  3.29,  and  2.73  mgm.  according  to  the  Boussingault  mediod. 
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As  is  evident  from  the  table,  the  Potter  and  Snyder  method  also,  in  spite  of  the 
fact  that  the  prescribed  airing  period  was  increased  to  20  hours,  did  not  come 
up  to  promise,  but  on  the  contrary  gave  decidedly  inferior  results  to  the 
Boussingault  method. 

Some  attempts  were  made  also  to  determine  the  content  of  ammonia  in  soil 
in  accordance  with  the  Steinkopf  (9)  method — distillation  with  water  vapour 
in  a  vacuum  (with  MgO).  In  this  case  a  more  effective  liberation  of  the 
adsorbed  ammonia  was  possibly  to  be  expected  without  risking  splitting-off  of 
organic  nitrogen  compounds  than  with  the  Baragiola  and  Schuppli  vacuum 

TABLE  4 

Deiermination  of  ammonia  in  soils;  comparison  of  methods  of  Potter  and  Snyder  and  of 

Boussingatdt 


KUMBKK  OP  SOIL 

mPTHOF 
SAlCPLDfO 

AXMOWIA-KITKO- 

OXMADDKDTO 

25  OM .  SOIL 

AMKONXA-NCnOOKN  RKTAIMXD  IN 

PEKCEMTAGE  OV  THE  AMOUNT 

ADDED 

Potter  and 
Snyder  method 

BottiBinfault 
method 

Soun 

CM, 

5-15 
15-25 
25-35 

21.56 
21.56 
27.02 

19.48 
17.21 
24.48 

4.22 
12.01 

•          k 

20.23 

TABLE  5 

Deiermination  of  ammonia  nitrogen  in  soil  II:  Comparison  of  methods  of  Steinkopf,  of  Baragiola 

and  SckuppU  and  of  Boussingaidt 


IfETHOD 


Stdnkopf 

Baragiola  and  Schuppli 
Boussingault 


AlOfOHXA'inTROGBN  POUND  IN 


50  gm.  soil 


MgM. 

0.14 
0.07 
2.24 


50  gm.  soil  + 
53.76  mgm.  am- 
monk^^trogen 


50.82 
44.59 
51.66 


loss  IN  PEECBN' 

TAGE  OP  Nino* 

GEN  ADDED 


P$fC«nt 

5.73* 
17.18 
8.07 


*  After  the  second  distillate.     After  the  first  the  loss  was  11.72  per  cent. 

method.  An  experiment  with  the  Steinkopf  method  on  soil  11,  which  had 
proved  to  possess  the  greatest  capacity  for  binding  ammonia,  gave  the  values 
shown  in  table  5.  In  these  experiments  the  pressure  was  40  mm.  Hg  and  the 
temperature  of  the  water  bath  40°C.  Two  distillates  were  taken,  each  of  450 
cc.  For  the  purpose  of  comparison,  the  corresponding  figures  for  parallel  de- 
terminations in  accordance  with  the  Baragiola  and  Schuppli  and  the  Bous- 
singault methods  are  included. 

With  regard  to  the  separation  of  ammonia  added,  the  Baragiola  and  Schuppli 
method  was  evidently  far  inferior  to  that  of  Steinkopf.  The  latter  vacuum 
method  has  proved  to  be  about  as  effective  as  the  Boussingault  method. 
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It  is  considered  (3, 6,  7)  that  the  capacity  of  the  soil  for  adsorbing  ammonia^ 
partly  at  any  rate,  is  to  be  ascribed  to  zeolites.  The  latter  contain  Na,  Ca 
or  Mgy  which  on  treatment  with  a  diluted  solution  of  a  salt  of  ammonia  are 
replaced  by  NH4.  K,  on  the  other  hand,  the  equation  is  NH4 — zeolite,  the 
opposite  is  the  case.  In  order  to  test  the  theory,  the  following  experiment 
was  made. 

Fifty  grams  of  soil  II  containing  5.04  mgm.  ammonia-nitrogen  in  accordance 
with  the  Boussingault  method,  were  admixed  with  300  cc.  of  (NH4)sS04  solu- 
tion (53.76  mgm.  N).  After  48  hours  the  solution  was  filtered  and  washed  with 
400  cc.  distilled  water,  and  the  ammonia-nitrogen  of  the  filtrate  was  deter- 
mined at  31.29  mgm.  The  residue  of  the  filtrate  was  then  allowed  to  stand 
with  300  cc.  MgCl2  solution  (1  gm.  MgCls+6H20),  whereupon  it  was  filtered  and 
washed  with  distilled  water.  This  latter  filtrate  contained  9.03  mgm.  ammo- 
nia nitrogen  and  in  the  undissolved  residue  12.32  mgm.  was  found.  The  nitro- 
gen loss  was  consequently  11.46  per  cent  of  the  amount  of  nitrogen  added. 
In  a  corresponding  parallel  determination  by  the  Boussingault  method  (dis- 
tillation of  50  gm.  soil  -|-  53.76  mgm.  ammonia-nitrogen  after  48  hours)  the  loss 
was  7.42  per  cent.  In  this  instance,  therefore,  nothing  had  been  gained  by 
the  substitution  process. 

It  is  thus  manifest  from  all  our  experiments  that  there  exists  at  present  no 
method  which  permits  of  an  accurate  quantitative  extraction  of  ammonia  from 
any  soil.  Thus  in  the  Boussingault  method,  which  was  employed  by  us  in  all 
the  following  experiments,  it  wiU  always  be  necessary  to  reckon  with  some 
loss.  However,  in  our  experiments  these  losses  are  scarcely  of  any  account, 
because  the  absolute  losses,  in  the  soils  worked  with  are  relatively  small,  and 
also  because  the  experiments  in  question  are  concerned  with  relative  values. 

EXPERIMENTS  ]U:LATING  TO  THE  ACTION  OF  LIME  ON  THE  NITRIFICATION  OF 
STABLE-MANURE  NITROGEN  IN  SOILS  OF  DIFFERENT  REACTION 

In  the  first  experiment  the  soil  designated  above  as  soil  11  was  used.  This 
was  taken  from  the  experimental  field  of  the  Botanical  Section  of  Experimental- 
faltet,  and  consisted  of  an  originally  stiff  clay  soil,  now  well  manured,  friable, 
and  well  tilled.  The  reaction  to  litmus  was  neutral.  As  the  Azotobacter  test 
gave  a  positive  reaction,  this  soil  was  evidently  not  in  need  of  lime.  Before  the 
soil  was  placed  in  the  glass  jars,  it  was  riddled  and  supplied  with  the  following 
carefully  mixed  ingredients. 

Jar     I  No  admixture  (control). 

Jar   II  10  gm.  (NH4),S04  (0.2  per  cent). 

Jar  III  10  gm.  (NH4)»S04  +  89.5  gm.  CaCO»  (1  per  cent  CaO). 

Jar  IV  150  gm.  3  to  4  months  old  bam3raTd  manure  (3  per  cent)  .^ 

Jar    V  Manure  +  lime  in  the  same  quantities  as  before. 


^  The  content  of  total  nitrogen  and  of  ammonia-nitrogen  in  the  manure  was  determined 
at  each  experiment,  but  these  figures  are  not  give  here.  In  order  to  obtain  clear  results 
only  manures  whose  content  of  ammonia-nitrogen  exceeded  0.14  per  cent  were  used. 
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The  manure  did  not  contain  any  liquid,  as  the  latter  had  been  collected 
separately  in  a  special  manure-water  well. 

Both  the  nitrate-nitrogen  and  the  ammonia-nitrogen  in  this  experiment,  as  in 
all  the  following,  are  expressed  in  terms  of  milligrams  per  kilogram  of  moist  earth. 

The  results  of  this  first  experiment  are  shown  in  table  6.  The  content  of 
moisture  in  the  soil  is  not  given  in  each  separate  case.  During  the  entire 
course  of  the  experiment  it  was  about  20  per  cent  in  the  jars  which  did  not 
contain  any  manure,  and  in  the  manure  jars  21  to  22  per  cent. 

In  examining  these  figures  it  should  be  borne  in  mind  that  one  must  not  look 
for  precise  agreement  even  where  theoretically  it  might  be  expected,  as,  for 
example,  in  the  content  of  nitrate  in  all  the  jars  at  the  beginning  of  the  experi- 
ment, or  the  content  of  ammonia  at  the  beginning  in  jars  II  and  III,  or  IV  and 
V,  respectively.  Such  divergencies  in  work  of  this  kind  are  inevitable,  partly 
because  of  the  impossibility  of  mixing  with  perfect  homogeneity  the  compo- 
nents added  to  the  soil,  and  partly  because  of  the  difficulty  of  obtaining  actual 
average  samples  from  the  jars.  In  spite  of  such  discrepancies,  however,  vari- 
ous conclusions  may  be  drawn  from  the  experiment. 

First,  the  content  of  nitrate  in  the  soil  is  unusually  high  from  the  very  out- 
set, so  high  that  any  greater  nitrification  in  the  control  soil  is  scarcely  notice- 
able. This  can  be  explained,  at  any  rate  in  part,  by  the  fact  that  the  experi- 
mental soil,  being  originally  rather  moist,  had  first  to  be  spread  out  to  dry  at 
ordinary  temperature  before  it  could  be  put  into  the  glass  jars.  During  this 
dr3dng,  however,  a  very  intense  nitrification  takes  place. 

It  will  further  be  found  that  the  admixture  of  lime  has  an  extremely  stimu- 
lating effect  on  the  nitrification  of  the  anMnoniimi  sulfate.  It  is  precisely  for 
the  purpose  of  establishing  this  effect  that  the  series  with  ammonium  sulfate 
and  that  with  ammonium  sulfate  plus  lime  have  been  included  in  all  our 
experiments. 

The  nitrification  of  the  manure-nitrogen  also  was  rather  marked.  In  previ- 
ous experiments  (2)  it  has  been  proved  that  it  is  only  the  ammonia-nitrogen  of 
the  manure  that  is  nitrified.  This  is  confirmed  also  by  the  present  and  follow- 
ing experiments,  which  show  that  the  nitrate-nitrogen  formed  does  not  exceed 
the  ammonia-nitrogen  present  from  the  outset  in  the  mixture  of  soil  and  ma- 
nure, deducting  the  normal  content  of  ammonia-nitrogen  in  the  soil.  The 
sofl  always  contains  a  residue  of  20  to  50  mgm.  of  ammonia-nitrogen  per  kilo- 
gram which  does  not  allow  of  nitrification.  This  may  conceivably  be  due  to 
the  fact  that  this  nitrogen  originally  did  not  consist  of  anmionia-nitrogen 
proper,  but  was  produced  after  distilling  with  MgO  by  the  splitting-off  of 
higher  compounds  of  nitrogen. 

Proceeding  to  the  main  objective  of  the  experiments,  namely,  tx)  the  possible 
action  of  the  lime  on  the  nitrification  of  the  stable-manure  nitrogen,  table  6 
shows  clearly  that  in  this  experiment  no  stimulating  action  of  the  lime  can  be 
found.  On  the  contrary,  the  average  of  the  nitrate-nitrogen  for  the  entire 
series  is  lower  for  the  manure  plus  lime  than  for  the  manure  alone. 

SOIL  SCISNCB,  VIII,  NO.  3 
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Stephenson  (10),  who  exammed  the  effect  of  organic  matter  on  the  produc- 
ion  of  nitrate  and  ammonia  nitrogen  in  different  soils,  in  this  connection  ob- 
ained  similar  results.  He  says  that  "the  sum  of  the  nitrates  and  ammonia  is 
jeater  in  most  cases  on  the  unlimed  than  on  the  limed  pots  where  organic 
reatments  are  given." 

In  the  next  experiment  the  proportion  of  lime  to  manure  was  increased,  the 
atio  being  2  per  cent  of  CaO  to  1  per  cent  of  manure,  as  compared  with  1 
nd  3  in  the  preceding  experiment.  In  other  respects,  both  the  experimental 
oil  and  the  amount  of  ammonium  sulfate  added  were  the  same  as  before. 
?he  water  content  of  the  soil  was  about  22  per  cent.  The  results  of  this 
xperiment  are  shown  by  table  7. 

In  view  of  the  greatly  reduced  admixture  of  manure  in  this  experiment,  one 
ould  hardly  expect  to  obtain  very  high  nitrate  figures  for  jar  IV.  It  is,  how- 
ver,  possible  to  show  a  more  powerful  nitrification  here  than  in  the  control 
ir.  The  admixture  of  lime  in  this  experiment  also  gave  a  negative  result, 
ince  the  amount  of  nitrate  in  jar  V  is  somewhat  lower  than  in  jar  IV,  and  as 

matter  of  fact  does  not  exceed  that  of  the  control  jar.  Here  it  seems  to  be 
Tactically  certain  that  the  addition  of  lime  impeded  the  nitrification  of  the 
itrogen  of  the  barnyard-manure. 

In  this  experiment  and  those  that  follow,  a  control  series  was  conducted 
dth  the  same  soil  and  the  same  admixtures,  but  at  a  different  time.  The  con- 
rol  series  naturally  did  not  give  the  same  absolute  figures  for  the  nitrate  and 
he  ammonia  nitrogen  as  the  corresponding  series,  but  the  relative  proportions 
rere  invariably  the  same.  The  results  of  the  control  series  are  not  given  here, 
s  this  would  unnecessarily  congest  the  tabular  material,  but  the  fact  that  they 
lere  always  carried  out,  and  invariably  agreed  well  with  the  experiments  de- 
cribed  is  strong  proof  of  the  reliability  of  the  results. 

In  the  succeeding  experiment  the  same  amount  of  lime  was  retained,  but 
he  supply  of  manure  was  increased  to  5  per  cent.  Such  an  amoimt  of  manure, 
►f  course,  is  much  too  large  for  practical  purposes,  being  equivalent  to  no  less 
han  150,000  kgm.  per  hectare,  while  the  amounts  previously  used  are  equiva- 
ent  to  90,000  and  30,000  kgm.  per  hectare.  However,  in  these  experiments  the 
^mixtures  were  greatly  varied  because  the  aim  was  to  ascertain  whether  the 
elative  amoimts  of  lime  and  manure  had  any  influence  at  all  on  the  results. 
The  soil  used  in  this  experiment  was  the  one  designated  as  soil  I  in  the  ammonia 
ixperiments.  It  is  a  well-cultivated  clay  loam  (ancient  sea  bottom)  from 
ilxperimentalfaltet.  The  reaction  was  neutral  and  the  Azotobacier  test  gave  a 
)Ositive  result.    The  soil  has  long  been  in  a  high  state  of  fertility. 

From  table  8  it  can  be  seen  that  here  also  the  lime  considerably  impeded  the 
litrification  of  the  stable-manure  nitrogen.  The  original  content  of  nitrate  in 
he  soil  was  very  low.  The  ammonium  sulfate  added  was  not  nitrified  as 
nuch  as  in  the  preceding  experiments,  but  when  lime  was  added,  this 
aitrification,  on  the  other  hand,  was  much  greater  than  in  the  experiments 
vdth  soil  II.    It  will  be  found  in  this,  as  in  preceding  experiments,  that  in 
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muugen  at  each  sini^ftag  trom  tbe  cfifeicnt  jms»    TloBcaiibeeipiuiBdby  an 

*«^wra»t;r«  hgTMg^t  ajT«Tt  hy  tttij- tn« g Atiiqr^       It  SBCBSS  banflv  CODCXXVable 

thai  anasaoDia  ksscs  sIxNsU  arise  by  a  pozeiy  dieiEka^ 

of  the  fiiDc.  if  ooe  nar  jodge  by  the  eaqxnnients  niade  in  par^^ 

mann  and  his  cclhbcxatacs.    On  the  other  hand,  it  has  been  f ocnd  that  the 

adc&tion  of  Hint  markedly  promotes  the  asamilation  of  awnrmwia  and  nitzate 

inthesoiL    Inthej^scontainingjiianuienosochrednctiopof  thesqmmcd-qp 


An  the  abow  ezpenments  are  open  to  the  objection  that  they  have  been 
made  with  amomits  of  fime  which  greatly  exceed  those  which  are  used  in 
pnctioe.  It  is,  in  fact,  probable  that  when  the  amomit  of  fime  added  has  cz- 
oeeded  a  certain  fimat,  a  farther  increase  can  have  no  farther  cfi^cct.  SochIai]ge 
amounts  of  lime  were  here  used  in  Older  to  ensore  the  cleiiest  possible  results. 
Howrver,  in  order  to  be  certain  that  the  cimditinns  pievaifiiig  when  iKxnial 
amounts  of  lime  are  added  are  not  different  in  princq)le  from  those  present  in 
the  experiments,  sofl  n  was  osed  for  anothrr  cxpcxiinent,  in  which  lime  was 
added  at  the  rates  of  0.2  and  0.1  per  cent,  being  eqaivalcnt  to  6,000  and  3,000 
kgm-CaO  per  hectare.  Manure  was  used  at  the  rate  of  2  per  cent,  beir^eqaiT- 
alcnt  to  60,000  kgm.  per  hectare.    The  resolts  obtained  are  ^xn  in  taUe  9. 

The  figures  of  this  table  show  dearly,  as  was  to  be  expected,  that  the  small 
amounts  of  lime  had  no  greater  stimulating  effect  on  the  nitiificaticm  of  the 
stable  manure  than  the  larger.  But,  oo  the  other  haiKL  no  ^impeding"  action 
by  lime  could  here  be  established,  as  occurred  with  the  larger  ap[dicati<His, 
ance  nitrification  evidently  {xoceeded  quite  uniionnly  in  jars  I\*,  V,  and  VTL 

AD  the  experiments  hitherto  described  have  been  made  with  neutral  soils, 
which,  according  to  the  AsoiobacUr  test^  were  not  in  need  of  lime.  It  mi^t 
reasooably  be  argued  that  the  cause  of  the  negati\'e  result  of  tbe  addition  of 
hmt  to  these  scmIs  in  regard  to  its  action  on  tbe  nitrification  of  the  manure  nitro> 
gen  is  simply  the  fact  that  the  lime  is  unable  to  react  on  a  soil  which  already 
contains,  from  a  biological  point  of  view,  a  sufficknt  amount  of  lime. 

It  is  evident,  nevertheless,  that  the  lime  had  a  certain  action  in  our  experi- 
ments, first,  because  the  jars  which,  in  addition  to  manure,  contained  larger 
quantities  of  lime,  showed  throughout  an  inferior  nitrification  to  those  which 
contained  simply  manure;  and,  second,  because  the  lime,  even  in  these  soils 
which  were  not  in  need  of  lime,  alwa3rs  showed  a  strong  capacity  for  stimu- 
lating the  nitrification  of  ammonium  sulfate.  This  action  is  still  quite  evi- 
dent with  an  addition  of  0.2  per  cent  CaO,  whereas  it  is  hardly  perceptible  at 
0.1  per  cent. 

It  was  conceix-able  that  in  manifestly  add  soils  the  lime  might  ha^-e  another 
effect  on  the  nitrification  of  the  manure-nitrogen  than  had  been  ascertained  to 
be  the  case  in  the  neutral  soils  hitherto  used.  Similar  e}q)eriments  were  there- 
fore conducted  with  an  add-reacting  sofl,  a  clay  sofl  frcHn  Ensta  in  upland. 
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INFLUENCE  OF  LIME  ON  NITRIFICATION  OF  MANURE  257 

he  same  soil  had  previously  been  used  in  our  experiments  on  the  nitrification 
[  stable  manure  in  soils  of  different  reaction. 

This  soil  is  in  a  high  state  of  cultivation.  In  the  qualitative  test  of  its  acid- 
y  in  accordance  with  the  Truog  method,  it  was  shown  to  be  of  "medium 
ndity."  The  reaction  to  litmus  was  evidently  acid.  The  Azotobacter  test 
ive  a  negative  result. 

In  the  execution  of  the  experiment  exactly  the  same  procedure  as  in  the  fore- 
>ing  was  adopted.  The  admixture  of  lime  was  2  per  cent  and  the  amount  of 
able  manure  was  4  per  cent  of  the  weight  of  the  soil.  As  with  the  preceding 
)ils,  two  exactly  similar  series  of  experiments  were  made  at  diflFerent  times, 
s  in  this  case  also  the  results  of  the  two  series  agreed  with  one  another  very 
osely,  the  results  of  only  one  series  are  given  (table  10). 

The  interesting  facts  shown  here  with  regard  to  the  nitrification  in  the  Ensta 
)il  without  admixture,  in  the  soil  with  (NH4)2S04  alone,  and  in  the  soil  with 
lanure  only,  have  been  discussed  in  a  previous  paper  (2)  so  are  not  taken  up 
ere.  It  need  only  be  pointed  out  that  the  add  reaction  of  the  soil  did  not 
:and  in  the  way  of  a  strong  nitrification,  either  in  the  soil  without  admixture, 
r  in  the  soil  with  manure,  whereas  in  the  soil  with  (NH4)2S04  the  latter  was 
itrified  very  poorly,  even  more  poorly  than  the  stable-manure  nitrogen, 
liis  fact,  which  has  also  been  pointed  out  by  other  scientists,  has  been  ex- 
lained  in  the  above-mentioned  paper  as  follows: 

The  increase  in  the  concentration  of  hydrogen-ions  which  sets  in  when  the  ammonium 
d^te  begins  to  be  decomposed  in  acid  soils^  has  an  impeding  action  on  the  nitrification, 
hereas  in  the  case  of  the  decomposition  of  the  organic  nitrogenous  substances  no  such  in- 
lease  of  the  concentration  of  the  hydrogen-ions  need  be  considered. 

As  for  the  action  of  the  lime,  it  is  evident  from  the  figures  for  jars  IV  and  V 
[lat  the  lime  had  a  no  more  favorable  action  on  the  nitrification  of  the  stable- 
lanure  nitrogen  in  this  acid  soil  than  in  the  neutral  soils.  On  the  contrary, 
manifest  impeding  e£Fect  is  noticeable  here.  On  the  addition  of  lime  alone 
>  the  soil  a  slight  increase  in  the  nitrification  is  certainly  noticeable,  but  not 
ntil  after  the  lapse  of  three  or  four  months.  On  the  other  hand,  as  was  to  be 
xpected,  the  lime  had  a  decidedly  favorable  effect  on  the  nitrification  of  the 
mmonium  stdfate. 

It  should  be  pointed  out  that  the  quantity  of  lime  added  is  far  more  than 
iifficient  to  neutralize  the  soil. 

SUMMARY 

All  the  experiments  tended  to  show  that  on  the  addition  of  lime,  in  the  form 
•f  calcium  carbonate,  and  stable  manure  to  cultivated  soil  of  both  neutral 
nd  acid  reaction,  no  favorable  action  of  the  lime  on  the  nitrification  of  the  stable- 
nanure  nitrogen  resulted,  but  on  the  contrary,  an  impeding  effect,  occurred  in 
ases  where  the  supply  of  lime  was  very  large,  larger  than  is  probably  ever 
ised  in  practice. 
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It  is  not  easy  to  explain  the  cause  of  this  impeding  action  of  the  Ume.  Fred 
and  Graul  (5),  who  made  experiments  on  the  action  of  lime  on  the  nitrification 
of  organic  substances  in  add  soils,  found,  that  in  the  presence  of  casein  or  gda- 
tin  the  addition  of  lime  produced  an  enormous  increase  of  nitrate-assimilating 
bacteria,  and  it  is  quite  possible  that  the  same  will  be  the  case  if,  as  in  our  ex- 
periments, stable  manure  and  lime  are  simultaneously  supplied  to  the  soiL 
If  this  is  really  the  case,  this  impeding  of  nitrification  does  not  imply  any  loss  of 
nitrogen,  absolutely  ^)eaking,  since  the  nitrogen  which  the  nitrate-assimilating 
baceria  extracted  is  stored  in  the  form  of  bacterial  proteins  and  is  sooner 
or  later  utilized  on  the  death  of  the  bacterial  cells. 

If,  on  the  other  hand,  the  impeding  action  of  the  lime  on  the  nitrification  of 
the  stable-manure  nitrogen  is  due  to  an  increased  development  of  denitrifying 
bacteria,  a  direct  loss  of  nitrogen  is  naturally  conceivable.  At  any  rate  these 
questions  appear  to  be  of  no  practical  importance,  for,  as  has  already  been 
pointed  out,  the  lime  does  not  exercise  either  an  impeding  or  a  stimulating 
action  when  it  is  siq^ed  in  quantities  which  occur  in  practice. 
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A  bacterial  analysis  was  made  of  46  soils  representing  17  soil  types  obtained 
in  a  soil  survey  of  Russell,  Carleton  and  Stormont  counties  in  Eastern  Ontario. 
Each  soil  was  represented  by  two  samples,  one  taken  from  the  surface  to  a 
depth  of  6f  inches,  and  the  other  a  sub-surface  sample  taken  from  6f  to  20 
inches  depth.  The  lower  subsoils  were  not  examined  for  bacterial  content. 
These  soils  were  filled  directly  into  cotton  bags  in  the  field  where  obtained 
and  shipped  to  the  college  by  freight.  On  arrival  at  the  chemistry  depart- 
ment they  were  emptied  into  large  open-topped  dishes  for  air-drying  in  the 
attic,  which  was  clean  and  free  from  dust.  The  samples  for  bacterial  analysis 
were  taken  from  these  open  dishes  a  few  days  after  their  arrival  and  put 
directly  into  clean,  dry  500-cc.  Erlenmeyer  flasks  which  were  haK  filled  and 
then  corked  and  kept  at  a  low  temperature  in  the  attic  of  the  bacteriology 
department  until  December  15,  when  the  analyses  were  begim. 

The  purpose  of  the  analysis  was  to  determine  the  relative  bacterial  and 
mold  content  of  the  different  soil  samples.  Three  culture  media  were  used 
as  follows: 

1.  Albumen  Synthetic  Agar  (A)  (P.  E.  Brown)  for  obtaining  the  total 
bacterial  and  mold  counts. 

2.  Nutrient  Gelatin  for  obtaining  the  liquefier  counts. 

3.  Modified  Ashby^s  Agar^  for  obtaining  the  Azotobacter,  Ps.  radicicola  and 
Nocardia  counts. 

SOIL  DILUnONS 

After  thoroughly  mixing  the  soil  samples  and  discarding  any  gravel  or 
lumps,  20  gm.  of  the  remaining  soil  were  weighed  out  on  a  piece  of  flamed 
cropperfoil,  and  put  into  a  500-cc.  Erlenmeyer  flask  containing  200  cc.  of 
sterile  water. 

This  was  shaken  for  5  minutes  and  after  the  coarser  particles  had  settled, 
XO  cc.  of  the  mixture  was  transferred  to  a  90-cc.  sterile  water  blank  which  was 
thoroughly  shaken,  and  from  this  10  cc.  was  transferred  to  another  90-cc. 
'Vrater  blank  and  further  dilutions  were  made  in  the  same  way  imtil  a  series 
^f  1/10,  1/100,  1/1,000,  1/10,000,  1/100,000  and  1/1,000,000  gram  of  soil 

^  Ashby's  agar  was  modified  by  using  10  gm.  of  cane  sugar  in  place  of  20  gm.  of  mannite* 
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per  cubic  centimeter  were  obtained.  In  general  the  higher  dilutions  were 
used  for  the  total  counts  of  the  surface  soils,  and  the  lower  dilutions  for  the 
subsoils. 

The  prevailing  types  of  colonies  were  isolated  from  the  various  plate  cul- 
tures on  the  tubes  of  similar  medium  to  that  of  the  plate  from  which  they  were 
taken.  These  tube  cultures  were  then  used  for  making  microscopic  prepa- 
rations for  describmg  the  organisms. 

The  counts  recorded  are  the  average  counts  from  ^te  cultures  made  from 
three  dilutions  of  each  soil  sample. 

The  Ps.  radicicola  counts  are  only  approximate,  as  the  colony  appearance 
of  some  other  species  of  bacteria  rather  closely  resembles  that  of  Ps,  radtdicfla, 

TABLE  1 
Soil,  type  I — Yellow  sand 


SAlfFLB 
NX7MBER 

DEVIATIONS  FKOX 
TYPE     1    ,' 

TOVAIi 

BACTERIA. 

COVNt 

LIQXTEn- 
ERS 

AZOTOBAC- 
TB£ 

PS. 
KADICnCOLA 

MOCAEDIA 

MOLDS 

Sur. 
Sub. 

Sur. 
Sub. 

1 
2 

4 
5 

Typical,       ^  ^^ 

Finer  sand,  simi- 
lar to  type  2 

433,000 

380,000 
340,000 

413,000 
403,000 

10,000 
2,000 

0 
0 

0 
0 

0 

0 

0 
0 

20,000 
30,000 

100,000 
400,000 

120,000 
65,000 

140,000 
65,000 

TABLE  2 
Soil  type  Z-— Light  to  medium  brown,  fine  sand  and  sandy  ham 


SAMPLE 
NUMBER^ 

Sur. 
Sub. 

7 
8' 

Sur. 
Sub. 

10 
11 

Sur. 
Sub. 

13 
14 

Sur. 
Sub. 

17 
18 

Sur. 
Sub. 

20 
21 

Sur. 
Sub. 

23 
24 

DEVUTIO)^  tiOU 
TYPE 


Representing  the 
ffite*  sand. 
Clay  subsoil 

Sam^  field  a$  7-8 
but  taken  from 
hollows 

Shallow,  not  so 
sandy.  Clay 
subsoil  of  13 

Representing  the 
fine  sandy  loam 

Typical.  Same  as 
17-18 

Same  as  13-14 
but  clay  sub- 
soil of  8 


TOTAL 

BACTERIA 

COUNT 


910,000 
950,000 


273,000 
200,000 


740,000 
1,300,000 


810,000 
270,000 

140,000 
433,000 


UQUZFI- 
ERS 


t    i 


2,150,000 

i;86d,ooo 


56,000 
1,000 


24,000 
2,000 


77,000 
5,000 


46,000 
8,000 

19,000 
8,000 

100/)bp 
15,l0bo 


AZOTOBAC- 
TER 

PS. 
RADICICOLA 

NOCARDIA 

0 
0 

0 
0 

* 

300,000 
100,000 

I    ■ 

0 
0 

0 

200,PQ0 
.    0     , 

0 
0 

•           • 

100,000 
iW,00Q' 

■   r    i 

300,000 
200,000- 

0 
0 

• 

200,000 
.   0 

'  6oo,6ob" 

0    ' 

^70,000 
I3ftp00 

240,mf 
80^ 

•            ft 

^,000 

MOLDS 


190,000 
100,000 


5^500 
10,000 


500,000 
130,000 


.  80,000 
]SO.O(M 

.  JBjOftl 
25,0(m. 

■     ■•  •     .        J^ 


\ 


\ 
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TABLE  3 
Soil  type  J — Light  to  rnedimn  brown,  gravdly,  sandy  loam 


SAMFLE 
MOMlBft 

Sur. 

Sub. 

26 
27 

Sot. 
Sub. 

29 
30 

Sor. 
Sab. 

32 
33 

Sur. 
Sub. 

35 
36 

DEVIATIONS  ntOM 
TYPt 


Typical 


Flat,  sand 


Typical 


Typical 


TOTAL 
BACTSVA 

c6tmT 


2,650,000 
3,350,000 

2,270,000 
1,110,000 

1,750,000 
1,000,000 

1,440,000 
650,000 


UQUETI- 
BKS 

AZOTOBAC- 
TBK 

105,000 
27,000 

195 

75 

240,000 
38,000 

40 
20 

91,000 
54,000 

0 
0 

41,000 
13,000 

10 
0 

PS. 
KADIOCOLA 


900,000 

1,200,000 

500,000 
700,000 

200,000 
200,000 

200,000 
0 


MOCAKOIA 


600,000 
800,000 

200,000 
200,000 

100,000 
100,000 

400,000 
200,000 


MOLDS 


20,000 
185,000 

130,000 
60,000 

l,20q,000  : 
470,000 

266,000 ' 
320,000" 


TABLE  4 


Soil  type  4 — Medium  brown  loam,  in  which  stones  vary  in  size  and  quantity.     Variable 

gratei  'content 


,  \ 


SAMPLE 
NUMBSpt 

Sur. 

38 

Sub.. 

39 

Sur. 

41 

Sub. 

42 

Sur. 

44 

Sub. 

45 

Sur. 

47 

Sub. 

48 

Sur. 

SJK: 

* 

49 
50 

s6. 
s^. 

52 
53 

DEVIATIONS  PEOM 
TYPE 


Typical  of  me- 
dium soil 

Less  stone  and 
gravel  in  sur- 
face, more  clay 
in  subsoil 

Probably  belongs 
to  type  3 

Shallow  soil, 

hard-pan  or 

boulder,  clay 
subsoil 

About  the  same 
as  38-39 

ISlightly  more 
gravel  than  49- 
50  and  38-39 


TOTAL 

BACTEUA 

COUNT 


1,730,000 

1,110,000 

3,780,000 
2,980,000 


950,000 
1,020,000 

1,030,000 
513,000 


3,270,000 
1,700,000 

3,300,000 
2,330,000 


UQUEFI- 
EES 

AZOTOBAC- 
TEE 

12,000 
55,000 

1,710 
40 

30,500 
210,000 

230 
0 

355,000 
25,500 

0 
0 

64,500 
64,500 

170 
120 

66,000 
79,000 

520 
80 

155^000 

95;ddo 

345 

PS. 
RADICTCOLA 


600,000 
100,000 

1,000,000 
200,000 


100,000 
600,000 

400,000 
0 


400,000 
1,200,000 

400,000 
300,000 


NOCARDIA 


1,400,000 

200,000 

700,000 
600,000 


200,000 
300,000 

800,000 
100,000 


300,000 
200,000 

9d0,000 

Ttxffm 


MOLDS 


40,000 
100,000 

0 
10,000 


0 
0 

30,000 
80,000 


200,000 
240,000 

550,000 
295,000 


A.-*- 


■  / 
t 


t    \ 
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TABLE  5 
Soil  type  5 — Black  sandy  loam 


SAlfPLB 
NTTMBKS 

DKVIATIOMS  nOM 
TYPE 

TOTAL 

BACTERIA 

COUNT 

LIQUEFI- 
EKS 

AZOTOBAC- 
TEE 

PS. 
EADICICOLA 

NOCASDU 

MOXAS 

Sur. 
Sub. 

55 
56 

Typical 

3,970,000 
255,000 

260,000 
125,000 

410 
25 

200,000 
800,000 

1,300,000 
200,000 

140,000 
5,000 

Sur. 
Sub. 

58 
59 

Lighter  in  color 
than      typical 
soil 

4,770,000 
610,000 

93,000 
55,000 

210 
0 

400,000 
200,000 

200,000 
0 

340,000 
55,000 

Sur. 
Sub. 

61 
62 

Typical 

1,610,000 
1,320,000 

63,000 
8,500 

10 
10 

0 
200,000 

400,000 
0 

65,000 
22,000 

Sur. 
Sub. 

64 
65 

Same  area  as  58- 
59,  practically 
belongs  to  type 
2 

2,230,000 
540,000 

53,000 
8,500 

0 
0 

0 
0 

100,000 
0 

21,500 
65,000 

TABLE  6 
Soil  type  6 — Sandy  clay  loam,  usually  dark  brown 


TABLE  7 
Sail  type  7 — Brawny  and  usually  moderately  stony,  clay  loam 


SAMPLE 
NUIIBSK 

DEVIATIONS  reOM 
TYPE 

TOTAL 

BACTERIA 

COUNT 

LIQUEFI- 

TCB«e 

AZOTOBAC- 
TEE 

PS. 
EADiaCOLA 

NOCAKDIA 

MOLDS 

Sur. 
Sub. 

67 
68 

Typical     except 
that  the  sand  is 
of  finer  grade 
than  usual 

2,870,000 
1,830,000 

61,000 
55,000 

660 

80 

1,900,000 
1,600,000 

300,000 
0 

10,000 
0 

Sur. 
Sub. 

70 
71 

Probably  belongs 
to  type  8 

4,100,000 
650,000 

160,000 
15,500 

85 
0 

800,000 
400,000 

400,000 
0 

40,000 
20,000 

Sur. 
Sub. 

73 
74 

Typical 

3,750,000 
3,250,000 

190,000 
185,000 

1,800 
125 

T.M. 
T.M. 

T.M. 
T.M. 

0 
0 

SAMPLE 
NUMBER 


Sur. 
Sub. 

Sur. 
Sub. 

Sur. 
Sub. 

Sur. 
Sub. 


76 

77 

79 
80 

82 
83 

85 
86 


DEVIATIONS  niOM 
TYPE 


Lighter  than  typ- 
ical soil 

Heavier       than 
typical  soil 

Typical 


Typical 


TOTAL 

BACTERIA 

COUNT 


3,700,000 
2,500,000 

9,100,000 
4,600,000 

4,400,000 
3,400,000 

8,500,000 
1,670,000 


LIQUEFI- 
ERS 

AZOTOBAC- 
TER 

170,000 

226,000 

970 
850 

68,000 
67,000 

60 
0 

750,000 
900,000 

120 

75 

122,000 
4,000 

0 
0 

PS. 
RADICICOLA 


700,000 
800,000 

5,000,000 
3,500,000 

1,000,000 
600,000 

500,000 
1,000,000 


NOCAKDIA 


1,000,000 

600,000 

700,000 
200,000 

1,500,000 
850,000 

1,900,000 
100,000 


MOLDS 


170,000 
75,000 

230,000 
260,000 

20,000 
15,000 

245,000 
210,000 
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TABLES 
Sail  type  8 — Very  fine,  sandy j  heavy  day  loam  and  dayy  usually  dark  gray  to  black 


SAMPLE 
NUMBEK 

DEVIATIONS  reOM 
TYPE 

TOTAL 

BACTTESJA 

COUNT 

UQUEVI- 
SES 

AZOTOBAC- 
TSR 

PS. 
EAOiaCOLA 

NOCAEDXA 

MOLDS 

Sur. 

88 

T3T>ical 

6,980,000 

385,000 

90 

1,500,000 

1,200,000 

195,000 

Sub. 

89 

666,000 

20,500 

0 

400,000 

100,000 

65,000 

Sur. 

91 

Surface   a    little 

2,680,000 

40,000 

0 

200,000 

100,000 

20,000 

Sub. 

92 

lighter  than  88 
-89 

1,020,000 

20,500 

0 

300,000 

0 

0 

Sur. 

94 

Typical,  but  not 

5,100,000 

76,000 

0 

1,400,000 

700,000 

135,000 

Sub. 

95 

so  old;  higher 
nitrogen     con- 
tent 

690,000 

4,000 

0 

0 

0 

30,000 

TABLE  9 
Soil  type  9 — Muck  and  peat  with  day  subsoil 


SAMPLE 
NITMBER 


Sur. 
Sub. 


97 
98 


DEVIATIONS  PROM 
TYPE 


Typical 


TOTAL 

BACTERIA 

COUNT 


5,270,000 
880,000 


LIQUEFI- 
ER8 


850,000 

28,500 


AZOTOBAC- 
TER 


0 
0 


PS. 
RADICICOLA 


700,000 
90,000 


NOCARDIA 


1,900,000 
70,000 


MOLDS 


75,000 
200,000 


TABLE  10 
Soil  type  10 — Very  fine,  sandy,  silty  loam 


TABLE  11 
Soil  type  11 — Silty  loam 


TABLE  12 
SoU  type  12 — Red  shale  loam 


SAMPLE 
NUMBER 

DEVIATIONS  PROM 
TYPE 

TOTAL 

BACTERIA 

COUNT 

UQUEFI- 
ERS 

AZOTOBAC- 
TER 

PS. 
RADICnCOLA 

NOCARDIA 

MOLDS 

Sur. 
Sub. 

Sur. 
Sub. 

100 
101 

103 
104 

T3T>ical 

1,700,000 
155,000 

2,300,000 
1,060,000 

47,000 
12,000 

650,000 
390,000 

230 

0 

770 
200 

500,000 
300,000 

480,000 
960,000 

0 
100,000 

620,000 
350,000 

185,000 
150,000 

25,000 
30,000 

SAMPLE 
NUMBER 

DEVIATIONS    PROM 
TYPE 

TOTAL 

BACTERIA 

COUNT 

LIQUEFI- 
ERS 

AZOTOBAC- 
TER 

PS. 
RADICICOLA 

NOCARDIA 

MOLDS 

Sur. 
Sub. 

106 
107 

Typical 

385,000 
640,000 

280,000 
60,500 

60 
0 

120,000 

220,000 

350,000 
200,000 

260,000 
75,000 

SAMPLE 
NUMBER 

DEVIATIONS  PROM 
TYPE 

TOTAL 

BACTERIA 

COUNT 

LIQUEPI- 
ERS 

AZOTOBAC- 
TER 

PS. 
RADICICOLA 

NOCARD/A 

MOLDS 

Sur. 
Sub. 

112 
113 

Typical 

3,150,000 
3,900,000 

585,000 
250,000 

0 
0 

270,000 
450,000 

830,000 
T.M. 

75,000 
95,000 
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TABLE  13 
Soil  type  IJ — Brownish  red  clay  (shale) 


TABLE  14 
Soil  type  14 — Like  type  5  in  texture^  hut  belongs  to  a  shale  series 


HUMBER 

DEVIATIOHS  ntOM 
TYPt 

TOTAL 

BACTERIA 

COUNT 

UQUEFI- 
BRS 

AZOTO> 
BACTER 

PS. 
RADICICOLA 

NOCAROXA 

MOLDS 

S(^ 

114 

An  average  sam- 

1,780,000 

26,500 

0 

300,000 

700,000 

30,000 

Stlb. 

115 

ple  of  the  large 
areas  belonging 
to    this    type, 
though      color 
not  quite  typi- 
cal 

1,720,000 

9,000 

0 

0 

700,000 

80,000 

sot. 

117 

Typical 

9,800,000 

155,000 

0 

T.M. 

T.M. 

250,000 

Sub. 

118 

14,400,000 

59,000 

0 

T.M. 

T.M. 

1,000 

SAMPLE 
NXTlfBER 


Sur. 
Sub. 


120 
121 


DEVIATIONS   reOU 
TYPE 


Typical 


TOTAL 

BACTERIA 

COUNT 


4,200,000 
5,300,000 


LIQUETI- 
ERS 


105,000 
280,000 


AXOTOBAC- 
TER 


0 
0 


PS. 
RADICICOLA 


700,000 
800,000 


NOCARDXA 


T.M. 

T.M. 


MOLDS 


0 

0 


TABLE  15 
Soil  type  15 — Dark  gray  to  blacky  shale  day 


SAMPLE 

NUMBER 

Sur. 

123 

Sub. 

124 

Sur. 

126 

Sub. 

127 

DEVIATIONS  PROM 
TYPE 


Typical 

Also  typical,  but 
from  an  area 
that  has  not 
been  cultivated 
so  long  as  123- 
124;  more  or- 
ganic matter 


TOTAL 

BACTERIA 

COUNT 


2,100,000 
4,100,000 
4,180,000 
1,730,000 


•    - 

LIQUEFI- 

AZOTOBAC- 

ERS 

TER 

180,000 

0 

38,000 

0 

93,000 

0 

10,500 

0 

PS. 
RADICICOLA 


380,000 
160,000 

0 

0 


NOCARDIA 


640,000 
730,000 
700,000 
200,000 


MOLDS 


150,000 

10,000 

230,000 

190,000 


TABLE  16 
Soil  type  16 — Gray  shal^  loam 


SAMPLE 
NUMBER 

DEVIATIONS   PROM 
TYPE 

TOTAL 

BACTERIA 

COUNT 

LIQUEFI- 
ERS 

AZOTOBAC- 
TER 

PS. 
RADICICOLA 

NOCARDIA 

MOLDS 

Sur. 
Sub. 

129 
130 

A    brown    shale 
loam  has  more 
organic  matter 
and  is  a  good 
soil 

4,830,000 
750,000 

435,000 
83,000 

0 
0 

1,000,000 
0 

800,000 
0 

120,000 
180,000 

Sur. 
Sub. 

132 
133 

Typical 

3,000,000 
1,870,000 

57,000 
12,000 

0 
0 

580,000 
620,000 

400,000 
240,000 

200,000 
240,000 
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TABLE  17 
Soil  type  17 — SUmy^  fine  sandy  loam 


SAMPLE 
NUIfBKK 

DKVIATXONS  ntOM 
TYPE 

TOTAL 

BACTERIA 

COUNT 

LIQUEFt- 
ERff 

AZOTOBAC- 
TER 

PS. 
RADICICOLA 

NOCARDIA 

MOLDS 

Sur. 

135 

T>'pical   of   best 

7,400,000 

425,000 

970 

150,000 

350,000 

270,000 

Sub. 

136 

phase;     incon- 
veniently stony 
but  passable  as 
a  soil 

4,200,000 

50,000 

295 

420,000 

190,000 

320,000 

Sur. 

138 

Bouldery       and 

3,500,000 

47,000 

0 

900,000 

600,000 

315,000 

Sub. 

139 

stony,  only  fit 
for  pasture  for 
sheep 

2,100,000 

100,000 

0 

300,000 

300,000 

120,000 

DISCUSSION 

Relation  of  Azotobacler,  the  principal  nitrogen-fixing  species  of  soil  bacteria,  to 

the  soil  types 

It  will  be  seen  from  the  above  counts  that  Azotobacler  were  found  present 
in  9  out  of  the  17  soil  types  examined  and  in  22  out  of  the  29  soil  samples  that 
represented  these  9  types.  These  types  included  all  the  loams  except  the 
shale  loam  as  follows: 


son.  TYPE 
MUMBSR 

SOIL  TYPE 

PRESENCE  OF  AZOTOBACTER 

3 

Light  brown  gravelly  sandy  loam 

3  out  of  4  samples  gave  Azotobacter  ' 

4 

Medium  brown  loam,  stone  varying  in 
size  and  quantity 

5  out  of  6  samples  pave  Azotobacter 

5 

Black  sandy  loam,  clay  subsoil 

3  out  of  4  samples  gave  ^\zotobacter 

6 

Sandy  clay  loam 

3  out  of  3  samples  gave  Azotobacter 

7 

Brown,  moderately  strong  clay  loam 

3  out  of  4  samples  gave  Azotobacter 

8 

Fine  sandy  heavy  clay  loam 

1  out  of  3  samples  gave  Azotobacter 

10 

Fine  sandy  silty  loam 

1  out  of  3  samples  gave  Azotobacter 

11 

Silty  loam 

1  out  of  1  sample    gave  Azotobacter 

17 

Stony  fine  sandy  loam 

1  out  of  2  samples  gave  Azotobacter 

On  the  other  hand,  no  Azotobacter  were  found  in  the  remaining  8  soil  types 
which  included  the  sand,  peat-muck  and  shale  soils  as  follows: 


SOIL  TYPE 
XUMBBk 

son.  TYPE 

ABSENCE  or  AZOTOBACTER 

1 

Yellow  sand 

2  samples 

2 

Light  brown  sand  and  sandy  loam 

6  samples 

9 

Muck  and  peat  with  clay  subsoil 

1  sample 

12 

Red  shale  loam 

1  sample 

13 

Brownish  red  clay  shale 

2  samples 

14 

Brownish  red  clay  shale,  but  sandy 

1  sample 

15 

Dark  gray  to  black  shale  clay 

2  samples 

16 

Gray  shale  loam 

2  samples 
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We  assume  from  the  above  that  in  all  probability  the  light  sandy  soils  had 
not  sufficient  organic  matter  present  and  the  peat-muck  and  shale  soils  were 
too  strongly  acid  to  favor  the  development  of  the  Azotobacter  nitrogen-fixing 
bacteria. 

Relation  of  Fs.  radicicola,  the  legume  root  nodule  bacteria,  to  the  soil  types 

As  the  colony  appearance  of  Ps.  radicicola  is  rather  closely  simulated  by 
several  other  species  of  bacteria,  we  cannot  be  sure  that  all  the  counts  above 
recorded  as  radicicola  are  true  members  of  this  species,  although  every  care 
was  taken  to  discard  any  that  were  not  true  to  type. 

It  is  interesting  to  note  that  every  soil  type  examined,  with  the  exception 
of  one  only,  i.e.,  type  1,  yellow  sand,  had  a  fairly  high  Ps.  radicicola  content, 
and  further,  that  in  most  cases  the  sub-surface  samples  had  a  higher  radi- 
cicola  content  than  the  surface  samples.  This  is  as  one  might  expect,  as  the 
Ps,  radicicola  would  come  largely  from  the  decayed  legume  root  nodules. 

In  general,  the  soils  that  were  favorable  for  Azotobacter  had  the  higher 
radicicola  counts,  but  the  fact  that  fairly  high  radicicola  counts  were  obtained 
in  the  peat-muck  and  shale  samples,  which  were  presumably  too  add  for 
Azotobacter  would  indicate  that  some  varieties  of  Ps,  radicicola  at  least  had 
a  fair  degree  of  toleration  for  acid  soils. 

We  could  not  determine  from  a  bacterial  cidture  examination  what  difiFerent 
varieties  of  Ps,  radicicola  were  present,  as  the  different  varieties  are  determined 
by  the  different 'varieties  of  legimie  with  which  they  will  associate. 

Therefore,  we  cannot  say  whether  or  not  all  varieties  of  legumes  could  be 
grown  satisfactorily  on  all  these  different  soils,  even  though  Ps,  radicicola 
was  found  present  in  considerable  numbers,  as  these  numbers  may  represent 
only  a  limited  number  of  legume  varieties,  thus  limiting  the  choice  of  legumes 
to  those  varieties  with  which  the  \'arieties  of  Ps.  radicicola  found  would 
associate. 

Relation  of  the  total  bacterial  count  and  liquefier  count  to  the  soil  types 

In  general  the  total  bacterial  count  and  liquefier  count  represent  the 
majority  of  bacterial  species  that  are  active  in  digesting  and  preparing  the 
crude  plant-food  present  in  the  soil,  thereby  rendering  it  available  in  a  suitable 
condition  for  assimilation  by  the  growing  crops.  The  number  found  is  con- 
sidered in  a  general  way  as  being  indicative  of  soil  fertility,  as  their  action 
is  essential  in  the  preparation  of  the  plant-food  in  the  soil. 

With  the  exception  of  sample  1,  yellow  sand,  sample  2,  light  brown  sand, 
and  sample  11,  silty  loam,  each  of  which  has  a  very  low  total  count,  all  the 
samples  have  a  fair  bacterial  content  for  arable  soils.  It  is  interesting  to 
note  that  the  shales  have  as  high  a  total  count  as  the  loams;  as  a  matter  of 
fact  one  shale,  no.  13,  has  the  highest  count  of  all.  This  would  indicate  that 
while  the  shale  and  peat  muck  soils  examined  were  not  suitable  for  the  ni- 
trogen-fixing Azotobacter,  they  were  about  equally  suitable  with  the  loams 
for  the  species  of  the  plant-food  digesting  bacteria. 
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RekUian  of  Nocardia  (AcHnomycetes)  count  to  the  soil  types 

It  is  considered  (J.  Conn)  that  the  Nocardia  (Actinomycetes)  or  thread 
bacteria,  found  in  soil  are  largely  active  in  bringing  about  the  decay  of  dead 
root  fibers,  particularly  those  of  sod,  thereby  aiding  in  preparing  them  for 
food  of  growing  crops. 

The  counts  above  recorded  show  that  they  were  least  numerous  in  the  sand 
but  averaged  up  much  alike  in  the  loams,  peat  muck  and  shales,  in  all  of  which 
they  were  fairly  numerous. 

Molds 

It  is  not  at  present  considered  that  molds  have  any  important  r61e  to 
play  in  connection  with  soil  fertility.  It  is,  however,  interesting  to  note  from 
the  above  counts  that  type  1,  the  yellow  sand  which  gave  no  Azotobacter, 
no  radicicola  and  the  lowest  of  all  total  bacterial  counts,  gave  a  fairly  high 
mold  coimt,  while  type  6,  sandy  clay  loam,  which  gave  the  highest  Azoto- 
bacter count,  a  very  high  radicicola  and  total  bacteria  count,  showed  no  molds. 
With  one  other  exception,  type  14,  a  sandy  clay  shale,  which  also  gave  no 
molds,  the  mold  content  of  the  samples  was  fairly  uniform. 

A  chemical  and  physical  analysis  of  these  soils  is  being  made,  respectively, 
in  the  chemistry  and  physics  departments  of  the  college. 
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I.  INTRODUCTION 

The  necessity  of  using  potassium  fertilizers  in  general  agricultural  practice 
is  not  so  vital  as  the  public  has  been  led  to  believe.  The  fact  that  applications 
of  potassium  salts  have  caused  increases  in  crop  yields  at  many  of  the  experi- 
ment stations  of  the  United  States,  together  with  the  propaganda  work  of  the 
German  Kali  S3nidicatey  has  led  to  the  popular  belief  that  potassium  fertiliza- 
tion is  essential  for  the  most  profitable  crop  production  on  most  of  oiu:  common 
agricultiural  soils.  As  a  matter  of  fact,  the  majority  of  soils  in  the  United 
States  contain  from  20,000  to  more  than  60,000  pounds  (24)  of  potassium  per 
acre — 6f  inches  (2,000,000  lbs.).  While  most  of  this  is  held  in  the  relatively 
insoluble  form  of  complex  silicates,  crop  yields  as  a  rule  are  not  limited  by 
deficiencies  of  available  potassium .  Furthermore,  it  is  not  probable  that  potas- 
sium would  become  a  limiting  element  under  soil  treatments  that  would  other- 
wise produce  maximum  3delds,  because  those  same  treatments,  such  as  returning 
organic  maniures,  improving  the  physical  condition  of  the  soil,  and  the  addition 
of  the  usual  limiting  elements,  nitrogen  and  phosphorus,  will  tend  toward  the 
maintenance  of  an  increasing  amount  of  readily  available  potassium  by  the 
return  of  this  element  in  residues  and  manure,  by  bringing  about  increased 
solution  of  mineral  potassium  and  by  increasing  the  root  systems  and  hence  the 
feeding  power  of  the  crops  grown.  The  earth's  crust,  to  a  depth  of  ten  miles, 
has  been  estimated  to  con  tan  an  average  of  2.32  per  cent  of  potassium  (66). 
More  recent  calculations  place  the  estimate  at  2.46  per  cent  {33,  p.  13).  This 
indicates  that  the  problem  of  potassium  for  agriculture  is  ultimately  one  of 
liberation  rather  than  of  supply  for  normal  agricultural  soils  and  the  common 
farm  crops. 

Experiments  at  the  Pennsylvania  (33,  p.  423,  428-431;  36),  Ohio  (33,  p. 
442),  Illinois  (33,  p.  466;  34,  35)  and  other  experiment  stations  indicate  that 
potassium  salts  are  applied,  either  alone  or  with  other  fertilizers,  at  a  loss  as  a 
rule,  and  at  best  at  a  very  small  profit  in  a  few  instances. 

While  the  above  statements  are  true  for  the  majority  of  our  farmlands,  there 
are  quite  large  areas  in  Illinois  and  other  states  whidi  are  markedly  deficient 
in  potassium.    These  consist  mainly  of  muck  and  deep  peat  soils,  and  light 

269 

SOIL  8CZKKCI,  VOL.  vm,  NO.  4 


270  ERNEST  DE  TUSK 

sandy  soils.  They  contain  from  practically  no  potassium  to  4000  pounds  of 
potassium  per  acre — 6}  inches.  In  the  case  of  the  sandy  soils  some  are  actually 
deficient  in  total  potassium,  while  others,  which  respond  equally  well  to  potas- 
sium fertilization,  contain  considerable  amoimts  of  the  element,  but  the  most 
of  it  is  contained  in  the  coarser  particles.  Because  of  the  relativdy  small 
surface  of  the  sand  particles,  their  potassium  can  not  become  available  to 
plants  to  any  appreciable  extent.  A  sample  of  dime  sand,  representative  of 
considerable  areas  in  Illinois,  was  analyzed  by  the  writer.  Of  the  20,600 
poimds  of  potassium  per  2,000,000  poimds  which  it  contained,  94.93  per  cent 
was  contained  in  the  combined  sands  and  5.10  per  cent  in  the  silt  and  clay 
combined. 

On  these  peaty  and  sandy  soils  the  use  of  potassium  salts  has  proved  quite 
profitable,  and  is  in  fact  absolutely  necessary  to  successful  crop  production  on 
much  of  the  peat  soil.  The  prohibitive  price  of  potassium  fertilizers  and  their 
entire  withdrawal  from  the  market  during  the  last  four  or  five  3rears  has  inter- 
fered seriously  with  the  profitable  cropping  of  these  potassium-poor  soils. 
Soluble  potassium  salts  from  any  of  the  several  American  sources  are  too  high- 
priced  for  agricultural  use.  Potassium-bearing  minerals  are  very  abundant 
in  the  United  States,  and  are  already  being  produced  in  conunerdal  quantities 
in  several  states  for  other  than  agricultural  purposes. 

Potassium  feldspars,  orthoclase  and  microdme  (ElAlSijOs)  are  extremely 
abundant  throughout  the  United  States.  Deposits  have  been  extensively 
developed,  however,  only  in  CaUfomia  and  some  of  the  eastern  states,  particu- 
larly Maine,  Connecticut,  Pennsylvania,  New  York  and  Maryland  (15,  39), 
The  average  potassium  content  is  7  to  11  per  cent  and  the  average  price  per 
ton  m  1914  was  $8.31;  m  1915,  $8.33  and  in  1916,  $9.30  (15). 

The  Leudte  Hills  in  Sweetwater  Coimty,  Wyoming,  are  the  principal 
source  of  leudte  (ElAlSisOe)  in  the  United  States.  The  area  has  been  carefully 
studied  and  mapped  by  Schultz  and  Cross  (57)  who  estimate  the  minimum 
amount  of  conunercially  available  potassium  at  164,000,000  tons.  The  scarc- 
ity of  leudte  among  igneous  rocks  is  due  to  the  fact  that  it  is  formed  from  the 
molten  magma  only  when  there  is  a  defidency  of  silica.  Whenever  sufficient 
silica  is  present  orthoclase,  which  contains  50  per  cent  more  molecules  of  SiQi 
than  leudte,  is  formed  (57,  p.  13). 

Alunite  is  a  hydrated  basic  sulfate  of  potassium  and  aluminum  (E^.3A1|Q|.4SQ|.6Q|0). 
.  .  .  .  It  is  usually  contaminated  with  silica  and  other  impurities  and  often  has  a  part 
of  its  potash  replaced  by  soda.  It  is  widely  disseminated  through  porphyritic  volcanic  rocks 
as  an  alteration  product  of  feldspars,  but  it  usually  occurs  in  such  small  quantity  or  is  con- 
taminated with  so  much  gangue  material  that  it  has  no  commercial  value  (26,  p.  429). 

High-grade  alimite  is  limited  in  its  distribution  mainly  to  certain  sections 
of  Utah,  Nevada  and  Colorado.  The  deposits  are  easily  worked,  being  near 
the  surface,  and  according  to  estimates  by  Loughlin  (45),  contain  enough 
recoverable  potassium  to  suoolv  a  large  part  of  the  American  demand.    The 


A  SOURCE  OF  POTASSIUM  FOR  PLANT  GROWTH  271 

ease  with  which  the  potassium  is  completely  extracted  from  alimite  as  the  sul- 
fate (ignition  to  750**C.  followed  by  leaching  with  water)  will  probably  lead 
to  its  use  almost  exclusively  for  the  production  of  conunerdal  potassium  sulfate. 

Muscovite  (KHsAlsSi^Ois)  is  quite  abimdant  in  many  parts  of  the  United 
States  and  is  produced  commercially,  principally  as  sheet  mica,  in  twelve 
states.  North  Carolina  produced  in  1916,  63  per  cent  of  the  total  output  of 
the  coimtry;  New  Hampshire,  14  per  cent  and  South  Dakota  13  per  cent. 
Scrap  mica,  being  the  cUppings  from  the  sheet  mica  trinuning  plants,  is  used, 
ground,  in  a  number  of  industries  and  could  be  obtained  for  agricultural  use 
should  it  prove  profitable.  The  price  of  scrap  mica  up  to  1913,  for  the  3000 
to  4000  tons  produced  annually,  was  $11  to  $13  a  ton,  and  in  1916,  $16  a  ton 
(55). 

Lepidolite  is  a  complex  micaceous  silicate,  in  which  part  of  the  potassium  is 
replaced  by  lithium.  It  is  usually  a  mixture  of  the  pure  mineral  and  mica, 
and  contains  8  to  9  per  cent  of  potassium.  It  is  produced  in  California,  Maine 
and  the  Black  Hills  of  South  Dakota.  It  is  used  mainly  as  a  source  of  lithium 
for  the  preparation  of  lithium  salts,  and  probably  would  not  be  conmierdally 
available  in  large  amounts  for  agricultural  purposes.  The  present  cost  is  $15 
to  $20  a  ton  (56). 

The  great  drawback  to  the  use  of  potassium  minerals  as  fertilizers  is  their 
low  solubility,  and  hence,  comparative  unavailability  to  plants.  There  have 
been  many  attempts  to  extract  soluble  potassium  salts  from  minerals  by  vari- 
ous treatments,  and  also  to  subject  the  minerals  to  processes  which  would 
render  the  potassium  readily  available  to  plants,  so  that  the  treated  minerals 
could  be  used  directly  upon  the  soil,  thus  avoiding  the  expensive  processes  of 
extraction  and  evaporation.  The  extent  of  these  efforts  is  indicated  by  the  fact 
that  the  United  States  Patent  OflSce  granted  128  patents  for  processes  of  treat- 
ing silicate  rocks  for  the  extraction  of  potassium  between  1904  and  1917  (26). 
It  would  seem  that  the  difficulty  of  the  low  availability  to  plants  of  mineral 
potassium  might  be  greatly  lessened  on  peat  soil,  where  the  decomposition  of 
the  large  amount  of  organic  matter  present,  even  though  slow,  should  hasten 
the  decomposition  of  the  minerals. 

The  object  of  the  experiments  to  be  reported  in  this  paper  was  (a)  to  deter- 
mine to  what  extent  the  potassium  in  certain  minerals  will  become  available 
when  mixed  with  peat  soil,  using  both  the  growth  of  a  crop  and  chemical  analy- 
sis as  a  measure  of  the  amount  of  soluble  potassium,  and  (b)  to  determine  the 
effect  of  certain  more  active  organic  materials  and  soluble  salts  upon  the  solu- 
bility of  the  potassium  in  those  minerals. 

n.  REVIEW  OF  PREVIOUS  INVESTIGATIONS 

A  complete  review  of  all  the  work  which  has  been  done  concerning  the  ren- 
dering available  of  soil  potassium  would  obviously  be  outside  the  scope  of  this 
work.  The  idea  of  using  powdered  minerals,  or  "stone-meal"  as  a  source  of 
potassium  is  not  new. 
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In  1848  Magnus  (46)  grew  a  barley  crop  to  maturity,  and  obtained  wdl 
matured  grain  in  an  artificial  soil  in  which  powdered  feldspar  was  the  sole 
source  of  potassium.  Since  then  numerous  experiments  have  been  carried 
out  in  which  the  results  recorded  are  more  or  less  contradictory  in  regard  to 
the  potassium  absorbed  by  the  plants.  The  variations  are  no  doubt  due  to 
the  conditions  of  the  experiments  and  in  a  still. greater  degree  to  the  kinds  of 
minerals,  their  source  and  stage  of  weathering. 

Missoux  in  1853  (48)  noted  the  beneficial  effect  upon  plant  growth  of  waste 
rock  dust  from  granite  quarries. 

H.  Hoffman,  1861-1863  (32)  conducted  wheat  culture  tests  for  two  years 
on  plats  9  by  50  feet,  using  groimd  nephelin-dolerite  containing  4^8  per 
cent  of  potassium  and  considerable  amoimts  of  calcium,  magnesium  and  phos- 
phorus. The  crops  on  the  fertilized  plats  had  a  much  better  appearance  during 
Jime  of  each  season,  but  the  harvest  showed  larger  yields  of  grain  from  the 
unfertilized  plats. 

During  the  next  twenty  years  little  was  done  with  silicate  minerals  as  fer- 
tilizers, though  a  great  deal  of  work  was  reported  dealing  with  their  chemical 
decomposition  and  the  nature  of  their  weathering  products. 

In  1887  Aitken  (1,1a)  in  Scotland  grew  peas  and  turnips  on  tSr-acre  field 
plat  treated  with  potassium  sulfate  and  120-mesh  feldspar  in  comparison. 
The  following  3delds  were  obtained  from  the  treatments  indicated: 


YIELD  ov  Traxm 


No  potassium 96  476 

KiSOi,  3  pounds 114  482 

Feldspar,  12  pounds 102  496 

While  the  feldspar  here  produced  results  for  peas  almost  equal  to  the  soluble 
potassium  salt,  and  a  greater  yield  for  turnips,  the  small  percentage  increases 
of  both  over  the  3delds  of  the  untreated  checks,  indicate  that  the  soil  was  not 
particularly  deficient  in  potassium.  Furthermore,  the  work  at  the  Rothamsted 
Station  indicates  that  turnips  do  not  respond  readily  to  potassium  fertilization. 
The  average  turnip  yields  on  the  Agdell  field  were  increased  by  over  13,000 
pounds  by  the  use  of  phosphorus,  while  a  further  addition  of  mineral  fertilizers 
consisting  of  sodium,  potassium  and  magnesium  salts  produced  no  further  in- 
crease (33 y  p.  346).  On  the  Bam  field,  phosphorus  and  potassium  produced 
no  greater  increases  than  phosphorus  alone  (33,  p.  399). 

Nilson  (50)  grew  oats  on  a  peat  soil  in  Sweden,  comparing  feldspar  with 
potassium  sulfate,  applying  2.5  to  4  times  as  much  potassium  in  the  feldspar  as 
in  the  soluble  salt.  Phosphorus  and  nitrogen  were  supplied,  the  latter  as 
crude  Chile  saltpeter.  The  yields  were  as  follows,  from  plats  of  100  plants 
each: 
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Nothing 

P-f  K,SO« 

P  -f  Feldspar 

P-f  N 

P-f  N  +  K,SO«... 
P  -f  N  -f  Feld^jar. 


TXXLDOf  OAll 
CM* 

17.3 
394.1 
328.0 
439.5 
603.5 
463.7 


These  results  indicate  large  increases  where  feldspar  was  used  and  still  larger 
for  KsSOii  but  the  experiment  does  not  prove  definitely  that  the  increase  is 
caused  by  the  potassium  in  the  mineral.  The  large  3deld  from  phosphorus 
and  nitrogen  would  indicate  either  that  the  soil  was  not  deficient  in  available 
potassium,  or  that  potassium  was  being  added  in  the  fertilizer,  probably  as  an 
impurity  in  the  Chile  saltpeter.  The  high  yields  from  all  the  plats  receiving 
phosphorus,  together  with  the  absence  of  a  plat  receiving  phosphorus  alone, 
suggests  that  phosphorus  may  be  the  limiting  element  in  that  soil  and  for 
that  crop. 

In  1889  Feilitzen  (20, 21)  grew  crops  on  peat  soils,  and  peat  mixed  with  sand 
in  simken  zinc  cylinders,  comparing  feldspar  with  kainit  as  a  source  of  potas- 
sium. With  oats,  equal  3delds  were  obtained  with  feldspar  and  kainit,  but  in 
later  experiments,  with  clover,  potatoes  and  peas,  the  feldspar  jars  produced  no 
greater  3delds  than  where  no  feldspar  was  used.  These  results  as  a  whole 
are  decidedly  unfavorable  to  the  feldspar. 

In  the  same  year  Ballentine  (3)  at  the  Maine  Experiment  Station  reported 
results  of  pot  experiments  with  feldspar,  in  which  oats  was  grown  in  pure 
quartz  sand.  The  relative  yields  from  KCl,  feldspar  and  no  potassium  were 
100,  79  and  0,  respectively.  The  author's  conclusioii  was  that  oats  could  ob- 
tain suflSdent  potassium  from  the  feldspar  used  to  produce  a  heavy  crop  of 
grain,  though  the  feldspar  was  inferior  to  soluble  potassium  salts. 

Headden  (29)  grew  oats  to  maturity  in  pure  quartz  sand  and  feldspar  mixed, 
the  plant-food  elements  other  than  potassium  being  supplied  in  available  form. 
The  feldspar  was  crushed  to  1  mm.  and  included  all  the  fine  material.  The 
crop  removed  1.20  gm.  K  per  jar  in  addition  to  that  contained  in  the  seeds. 
No  comparison  was  made  with  other  forms  of  potasisium. 

The  earlier  work  (1901-1903)  of  Prianischnikov  (52),  in  which  crops  of 
tobacco,  buckwheat,  flax,  peas  and  millet  were  grown  in  add-washed  sand, 
indicated  no  benefit  from  orthoclase  and  but  small  benefit  from  mica.  The 
use  of  ammonium  salts  as  a  source  of  nitrogen  produced  much  smaller  yields 
than  sodium  nitrate.  The  ammonium  salts  either  "exerted  no  solvent  action 
upon  the  potassium,  or  any  benefit  from  such  solution  was  overbalanced  by  the 
deleterious  effect  of  addity  produced  by  the  nitrification  of  the  ammonium 
salts."  Somewhat  later  the  same  investigator  (53)  carried  out  very  carefully 
a  series  of  well-planned  experiments  upon  the  sand  and  peat  soils  of  northern 


The  object  of  the  fir^  of  these  vas  to  detemdne 
ptfi^^Mjiiiif  cxiHr  from  secondazy  mioerals  in  the  soii,  luuiglily  cfaswcd 
or  also  from  the  mxweathezed  primarv 
twr  easy  weathering  and  a  tcnrfmcy  to 
aeoGtes  vas  compared  with  mnscovite 
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4.40 
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Orthodase  here  seems  to  be  practically  worthless  iHiile  both  ncphriin  and  mus- 
covite  are  approxlmatdy  equal  to  scdoUe  potassimn  in  crop-produdng  power. 
The  amomit  of  potassimn  which  these  last  two  mmoals  gi\'e  up  to  the  crop  is 
exceptionally  large.  A  second  expenmtnt  involved  the  use  of  ten  different 
minerals  with  five  cnq>s.  Samples  of  the  minerals  were  also  extracted  by 
*hatmg  with  10  per  cent  solutions  of  ammonium  chloride  and  of  barium  chlo- 
ride, both  with  and  without  boiling.  The  relati^-e  amounts  of  potassium  ob- 
tamed  by  these  extractions  were  in  harmony  with  the  results  of  the  plant 
culture  eiperiments.  The  mmerals  used  were  finaUy  classified  as  a  result  of 
these  e]q)eriments  into  the  following  three  groups,  arranged  in  order  of  de- 
creasing availability  of  the  potassium: 

1.  NqihHin. 

Micas,  especially  biotite. 

2.  PhiUipsite  (a  «olite). 
Muscovite. 

3.  ElioUth, 
Leadte, 
^x>i>h3dlite, 
Sanidin, 
Orthodase, 
Midocline. 
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Wotschal  (69)  reported  mica  superior  to  the  feldspars. 

The  investigations  of  Cushman  (15)  are  not  conclusive,  because  the  soils 
used  in  greenhouse  work  as  well  as  in  cooperative  field  tests  by  farmers,  were 
probably  not  deficient  in  potassium,  most  of  them  having  been  heavily 
''potashed"  for  tobacco  the  previous  years.  In  these  tests,  however,  the  yields 
of  tobacco  were  the  same  whether  potassium  was  supplied  in  feldspar  or  in 
potassium  carbonate. 

Hartwell  and  Pember  (28)  secured  increases  in  yields  of  wheat  and  millet 
of  4  to  18  per  cent  for  feldspar  as  compared  with  130  to  248  per  cent  increases 
for  potassium  sulfate.  The  soil  used  had  been  cropped  several  years  with 
liberal  applications  of  the  other  plant-food  elements,  but  no  potassium.  Fif- 
teen poimds  of  soil  were  used  in  each  jar. 

Skinner  and  Jackson  (58)  increased  crop  3delds  by  10  to  20  per  cent  by  appli- 
cations of  raw  alimite.  The  same  amounts  (25  to  500  potmds  KgO  per  acre) 
of  potassium  supplied  in  ignited  alimite  produced  increases  of  35  to  43  per  cent. 

It  is  a  well-known  fact  that  the  calcium  and  sodium  feldspars  are  much 
more  easily  weathered  than  those  of  potassium.  In  the  sodium-potassium 
feldspars,  the  rapidity  of  weathering  should  therefore  increase  with  the  pro- 
portion of  sodium  present.  In  1913  Blanck  (8)  reported  results  of  an  investi- 
gation of  the  availability  of  the  potassium  of  a  series  of  feldspars  decreasing  pro- 
gressively in  potassium  content,  and  increasing  in  sodium.  The  minerals  were 
applied  so  that  all  jars  received  equal  amounts  of  potassium,  and,  consequently, 
increasing  amounts  of  sodium.  Crop  yields  were  increased  progressively,  in 
accordance  with  the  hypothesis.  This  led  the  investigator  to  suspect  that 
sodium  was  replacing  potassium  in  its  function  in  the  plant.  Anal}^  of  the 
crops,  however,  proved  that  the  increases  in  yields  were  due  to  potassium. 
Following  is  a  stunmary  of  the  results: 
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Nam 

MINXRAL 

MINXRAL 
PER  JAR 

RATIO 

Na:K 

IN  JAR 

YIELD  or 
OATS 

muzATioN  or 

K 

Na 

NoK 

Percent 

9.47 
5.72 
0.58 
0.38 
0.11 

Percent 

1.89 
2.04 
5.47 
3.49 
6.19 

14.13 

23.40 

230.30 

350.40 

620.00* 

1:5 

1:3 

10:1 

10:1 

60:1 

tntm 

50.6 
52.2 
53.1 
58.7 
60.3 
61.2 
94.5 

percent 

1.12 
2.23 
3.50 
3.45 
7.07 
70.81 

Percent 

Microdine 

0.13 

Orthodase 

Olifpoclase 

Labradorite 

Albitc 

0.46 

K,SO« 

*  One-half  as  much  K  as  in  other  applications. 

A  difficulty  in  the  practical  use  of  the  low-potassium  feldspars  is  the  obvious 
impossibility  of  using  the  large  applications  necessary  to  secure  the  requisite 
amount  of  potassium. 
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CiMfifcov  (12)  iaand  in  coltme  eipqimcnts  tlat  nepiicfiiie,  biotitc  and 
■UBonitc  wtrt  good  sooroes  of  potassiom  for  plants,  but  not  orthodaae. 


Tkt  mcSectivcncss  of  ammonhmi  salts  vas  also  sliovn. 

IGkr  and  Van  Xatta  (47)  canied  out  caltare  eipqimcnts  in  a  mixture  of 
liicr  sand  and  silt  loam  in  the  proportioD  of  8 : 1.  Amomitsof  {ddqiarnere 
vsed  langing  from  57CX>  to  23 fiOO  pounds  per  acre,  and  cjompaied  to  400 
pounds  per  acre  of  potassium  cUoride  and  sulfate.  The  cnltares  were  grown 
m  3-faIkin  jais,  and  the  jidds  obtained  were  10  J  to  12.6  gm.  of  bailey  per 
jar  with  the  feld^sar,  11.7  gm.  with  KQ  and  15.7  gm.  with  KaSQ*.  Tliese 
resohs  are  quite  favorable  to  the  feld^sar.  Lazgcr  applicatioiis  prevented 
flcmunatioo  of  the  ^^^"^ 

Brooks  and  GaskiD  (9)  report  some  results  of  individual  seasons'  crops  in 
winch  fddapar  oooqiaied  favorabfy  with  kainit  in  long  continued  fidd  plat 
cipaimaits  at  the  Massadras^ts  £]qKrimcnt  Station,  but  state  that  as  an 
average  of  21  jears*  continuous  use  of  feldspar,  no  derided  increases  have  been 
obtained.  The  sofl  on  iriiich  these  investigations  were  oandncted  is  probably 
wdl  si^iplied  with  total  potassium. 

In  addition  to  plant  culture  eipciiments,  many  investigations  have  been 
carried  out  to  study  the  effects  of  various  dimiical  compounds  upon  the 
soinfaiKty  of  the  potassium  of  silicate  minerals,  some  of  iriiich  will  be  diyiwiscd 


m.  SOME  ookstoebahoks  or  the  katuke  axd  siunificaxcb  of  the  seucats 


The  silicate  minerals  are  com{dex  amipounds,  usually  cmskiered  as  salts 
of  the  pcdybasic  silicic  adds.  The  more  anxmKXi  bases  invdved  are  sodium, 
potassium,  cakhnn,  magnesium,  aluminum  and  iron.  They  are  as  a  dass 
highly  inscduble  in  water.  Considered  from  the  standpdnt  of  the  molecular 
proportions  of  bases  and  silica,  they  range  from  strm^y  basic  to  stroo^y  addic 
compounds.  The  pn^xntion  of  base  to  add  in  the  various  crystallised  min- 
oals  depends,  of  course,  upon  the  pn^rtions  in  the  mdten  mass  in  whidi 
the  crystallization  took  place. 

Primary  minerals  are  to  be  found  quite  abundantly  in  metamorphosed  and 
sedimentary  rocks  as  well  as  in  igneous  rocks.  Here  crystallization  has  oc- 
curred, not  in  a  molten  mass,  but  probably  in  most  cases  under  the  influence  of 
superheated  steam  at  high  pressure.  The  researches  of  Friedd  and  Sarasin 
(25),  Daubree  (17),  Kuhlmaim  (41)  and  others  show  that  many  silicate  and 
other  mi^oals  may  be  formed  artifidaUy  by  cr^-stallization  m  the  presence 
of  steam  and  other  gases  under  pressure.  The  cr>-stallization  occurs  at  a 
temperature  far  bdow  the  mdting  pomt  of  the  minerals  after  they  are  once 
formed. 
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The  dose  chemical  relationship  between  carbon  and  silicon  early  led  to  the 
assumption  that  the  silicates  must  be  similar  in  structure  to  organic  carbon 
compounds.  The  classical  investigations  of  Lemberg  (43, 43a),  however,  indi- 
cate quite  clearly  that  no  such  analogy  exists.  It  is  a  noteworthy  fact  that  cer- 
tain bases  are  usually  associated  in  the  silicate  minerals,  while  certain  others 
are  seldom  or  never  found  together.  Thus  sodiiun-caldiun  f ddspars  are  quite 
common,  as  are  also  potassiiun-magnesiiun  silicates,  while  on  the  other  hand 
caldiun  and  potassiiun  are  sddom  found  together,  and  sodiiun-magnesium 
minerals  are  practically  unknown.  Lemberg  found  in  studying  the  alterations 
of  these  minerals  that  there  is  a  dedded  antipathy  between  certain  bases,  as  a 
result  of  which  it  is  extremdy  difficult  to  induce  a  combination  of  such  bases  as 
sodium  and  mitgnesiiun,  for  example.  Potassiimi  and  sodiiun  combine  in- 
differently in  the  silicate  molecule,  but  to  such  an  extent  that  sodiiun-potas- 
siiun  silicates  are  of  fairly  common  occurrence.  These  may  be  merdy  mix- 
tures of  complex  sodiiun  silicates  and  potassiiun  silicates  in  many  cases. 

The  determination  of  the  structure  of  silicates  is  very  difficult  if  not  impos- 
sible, because  they  do  not  possess  those  properties  by  the  use  of  which  molec- 
ular weights  are  ascertained.  The  structure  is  therefore  not  definitdy  known 
in  many  cases.  Cameron  and  Bell  (10)  suggest  four  viewpoints  from  which 
these  minerals  may  be  considered. 

1.  They  may  be  considered  as  combinations  of  the  oxides.  Orthoclase,  for 
instance  would  be  E30.Al20s.6Si02.  This  method  of  writing  the  formula,  how- 
ever, gives  no  due  to  the  structure  of  the  molecule. 

2.  They  may  be  molecular  compounds,  as  the  alums.  But  this  will  not  hold 
for  the  solution  phase;  in  the  solution  are  found  only  the  simple  salts  of  the 
various  bases. 

'3.  One  may  consider  them  double  salts  of  a  complex  add,  the  Si  atoms  being 
united  through  oxygen.  Thus  orthoclase  is  a  double  potassium-aluminum 
salt  of  the  add,  BUSiiOs,  or  KsAl2(Si|08)s, 
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TkcK  fast  two  Tins  9Km  the  most  irasonahir,  aad  the  fast  is  ptcicnbk  in 
intm  oi  the  in^thmrric  mtmc  el  alummum  aad  the  ^"'""♦^^^  oi  theaDcaH 
hiilimidc  as  die  principal  solnble  h>diul>A  ptodua  oi  At  alkafi  ahmiina- 


The  sofaifaiEty  cf  the  complex  sificaics  in  vatcr  is  vcfy 
km.  Sloddait  (60)  states^  for  instance,  that  orthodase  is  sofailile  in  37j000 
parts  cf  water,  aad  in -MMX)  parts  cf  carbonated  natcr.  As  early  as  1848  W.B. 
aad  S.  E.  Sii^ets  (54)  ^tndipri  the  solnfaiEty  oi  fiftr-e^i^it  diSocut  nunerals  in 
natcr  aad  in  carbonated  natcr.  Among  these  wen  sodnmij  fithimn  and  po- 
tasaiom  irHyaii,  mkas  aad  Icncite.  In  nKSt  cases  the  sofaifaiEty  was  great 
CBOo^  to  ghe  good  qoalitatiwe  tests  for  die  baaes^  aad  die  snhihiliQr  was 
greater,  as  a  rule,  in  water  containing  COii  than  in  pore  water.  Sin^ife  solu- 
tion of  these  nrinnrak  in  water  has  never  been  obtained.  Being  salts  of  a  very 
weak  acid  and  very  strong  bases,  solution  is  always  accampamed  by  hydrolytic 
decomposition.  This  reaction  is  usually  arrested  abnost  immediatdy  by  the 
gdatinioos  coating  of  colloidal  silicic  add  on  the  mineral  partides,  which  pre- 
vents further  action  of  the  sohxnt.  Clarke  (13)  found  that  water  reacts 
innnediatdy  with  rock  powders,  producing  in  most  cases  a  reaction  alkaline 
to  phcno^thalein,  and  Cusfaman  (14)  states  that  equilibrium  between  the 
rock  powder  and  water  is  reached  in  a  very  few  minutes  on  shaking  the  two  to- 
gether. This  13  obviously  not  a  true  rhrmical  equilibrium  between  solid  and 
sc^xnt,  but  merdy  the  cessation  <^  reaction  due  to  the  interference  of  the 
coDcMdal  material  on  the  partides.  Daubree  in  1867  (18)  overcame  the  inter- 
ference of  the  colloidal  matmal  by  revolving  an  iron  cylinder  containing 
water  and  pieces  <^  feld^iar  and  quartz.  The  sliding  motion  of  the  fragments 
kept  fresh  surfoces  exposed  so  that  the  decompoang  action  of  the  water  was 
progressive.  The  solution  became  alkaline  and  a  fine  mud  ^kaolin)  was  formed 
as  wdl  as  considerable  soluble  and  colloidal  matmal  and  FeCOj.  In  8  days 
he  obtained  12.6  gm.  of  soluble  KsO  from  3000  gm.  of  fdd^>ar  in  5  liters  of 
water.  The  soluble  KsO  he  reported  present  mainh'  as  K^SiOs-  ^lore  re- 
cently (1905)  Cushman  (14)  obtained  similar  results  by  grinding  together 
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powdered  feldspar  (also  powdered  glass)  and  water  made  up  to  a  thick  paste, 
in  a  heavy  ball  mill.  By  subsequent  washing  on  a  filter  paper  with  water, 
much  more  sodium  and  potassiiun  were  dissolved  out  than  where  the  mineral 
had  been  groimd  dry  and  shaken  with  water.  He  assumed  that  these  bases 
were  present  as  the  simple  silicates,  since  the  solution  obtained  was  of  a  glue- 
like character.  In  view  of  the  work  of  Kahlenberg  and  Lincoln  (38)  it  is  not 
likely  that  the  silicates  of  potassium  or  sodium  were  present  to  any  marked 
extent  as  such,  prior  to  evaporation.  These  investigators,  by  studying  the 
freezing  point  and  electrical  conductivity  of  solutions  of  the  simple  alkali 
silicates,  showed  that  the  hydrolysis  into  the  hydroxide  and  colloidal  silicic 
add  is  practically  complete  in  concentrations  up  to  1  gram-molecule  of  the 
silicate  per  48  liters  of  solution. 

Reaction  with  carbonic  acid.  Silicate  decomposition  by  carbonated  water 
results  in  the  formation,  in  the  main,  of  the  same  final  products  as  by  reaction 
with  pure  water,  except  that  the  alkalies  and  alkaline  earth  metals  appear  as 
the  carbonates  or  bicarbonates.  Beginning  with  the  early  work  of  Rogers 
(54)  the  majority  of  investigations  indicate  a  greater  degree  of  solubility  of  the 
silicate  minerals  in  water  containing  COs  than  in  pure  water.  With  carbon- 
ated water,  as  with  piure  water,  the  amount  of  direct  contact  of  mineral  with 
reagent  is  of  great  importance,  as  is  shown  by  Bassalik's  (4, 5)  work.  Bassalik 
studied  the  solvent  action  upon  various  minerals  of  bacterial  activity.  Pure 
cultures  of  many  organisms  were  grown  in  suspensions  of  the  minerals,  after 
which  the  filtrates  were  analyzed.  Bacillus  extorquens^  bl  COs  producer,  dis- 
solved from  4  to  40  times  as  much  orthoclase  as  any  other  COs  producer  studied, 
although  some  of  the  others,  including  yeast,  produced  much  larger  amounts 
of  COs.  This  is  accounted  for  by  the  fact  that  B.  extorquens  grows  directly 
upon  the  mineral  particles,  enclosing  the  mineral  and  colony  in  a  zoogleal 
excresence,  thus  affording  more  intimate  contact  of  the  COs  and  the  mineral 
particles.  Van  Hise  (66),  in  his  comprehensive  work  upon  metamorphism, 
ascribes  by  far  the  largest  number  of  natural  alterations  of  rocks  to  the  action 
of  COs  and  water  combined. 

Reaction  wUh  salts.  This  reaction  might  be  expected  to  effect  some  solution 
of  the  potassiiun  of  potassium-containing  silicates,  through  the  replacement  of 
the  mineral  potassium  by  the  basic  ion  of  the  soluble  salt.  Lemberg's  (43, 43a) 
careful  researches  show  that  reactions  of  this  character  take  place  most  rapidly 
and  go  much  niearer  to  completion  imder  fusion  conditions.  When  aqueous 
solutions  and  suspensions  are  used,  increasing  the  temperature  accelerates  the 
reactions  greatly.  Exchange  of  bases  was  brought  about  to  a  considerable 
degree  in  most  cases  within  one  month  at  lOO^C,  but  at  ordinary  temperature 
the  reactions  were  very  incomplete.  It  may  be  noted  that  fusion  of  silicates 
with  other  compoimds  and  also  heating  such  mixtures  to  varying  temperatures 
with  superheated  steam  under  pressure  are  the  bases  of  many  of  the  patented 
processes  mentioned  in  another  part  of  this  paper.  Lemberg  also  noted  that 
the  conunon  bases  have  different  replacing  powers,  potassium  being  strongest. 
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followed  by  magnesiuin,  sodium  and  calcium  in  the  order  named.  Thus  it 
was  found  much  easier  to  convert  a  sodiiun  mineral  into  the  corresponding- 
potassimn  mineral,  than  to  bring  about  the  reverse  reaction.  This  replacing 
power  holds  for  the  soil  mass  as  well  as  for  the  individual  minerals,  and  the 
point  is  illustrated  by  drainage  water  anal3rses  at  Rothamsted  (42)  and  else- 
where, where  caldiun  is  present  in  largest  amounts  and  potassium  in  the  small- 
est quantities. 

All  of  these  observations  point  to  the  great  difficulty  of  liberating  appreci- 
able quantities  of  potassiiun  from  the  primary  minerals  by  means  of  the  so- 
called  exchange  of  bases,  under  soil  conditions.  The  hberation  in  the  soil 
of  potassiiun  for  plant  growth  from  the  primary  minerals  must  be  left  to  the 
natural  process  of  weathering  (19,  31,  61)  some  of  the  most  important  forces 
of  which  are  the  solvent  action  of  water,  of  CO2  and  of  other  products  of  bio- 
logical activity.  Of  the  last-named,  the  nitrous  add  formed  in  nitrification 
is  important  (4,  5). 

Secondary  minerals  and  absorption.  When  the  primary  minerals  are  at- 
tacked by  various  solvent  agents  the  amount  of  mineral  decomposed  is  greater 
than  would  be  indicated  by  the  potassiiun  which  may  be  extracted  by  water 
(4,  5).  This  is  accounted  for  as  follows.  A  part  of  the  potassium  which  is 
liberated  as  the  hydroxide  or  carbonate  is  at  once  absorbed  by  the  kaolinite 
formed  in  the  initial  reaction  (16).  This  absorption  is  partly  physical^  a 
result  of  the  colloidal  nature  of  the  siliceous  products  of  decomposition,  but 
secondary  chemical  reactions  also  occur.  Similar '^  absorption-reactions"  oc- 
cur when  stable  salts  of  the  alkali  metals,  as  the  sulfate  or  chloride,  are  added 
to  colloidal  material.  In  such  cases  the  metal  is  usually  absorbed  as  the 
hydroxide,  leaving  a  pronounced  addity  in  the  solution.  While  this  is  the 
general  rule,  exceptions  occur,  depending  upon  the  nature  of  the  colloid  and 
of  the  salt  used  (27, 44, 65, 68). 

The  abundance  of  colloidal  substances  and  of  kaolinite  in  the  average  soils 
makes  possible  their  very  great  absorptive  capacity  for  potassium.  Way  (67) 
was  the  first  to  observe  the  absorption  of  bases  by  clay  and  the  practical  agri- 
cultural application  of  this  phenomenon.  Many  methods  have  been  devised 
for  determining  the  so-called  "immediately  available,"  "remotely  available  or 
reserve"  and  "unavailable"  potassium  of  soils.  These  consist  for  the  most 
part  of  extraction  with  water  or  other  solvents  such  as  certain  organic  and  min- 
eral adds  of  varying  concentrations  and  solutions  of  various  salts.  While 
these  methods  are  purdy  arbitrary,  and  for  that  reason  can  scarcely  be  said 
even  to  give  approximately  the  availability  of  soil  potassium  to  the  various 
crops,  they  do  enable  one  to  distinguish  roughly  the  proportions  of  absorbed 
potassium,  of  the  potassium  of  secondary  minerals  and  of  that  contained  in 
primary  minerals  in  the  soil.  They  are  therefore  not  without  value.  The 
work  of  Fraps  and  his  associates  (22,  23)  and  of  Frear  and  Erb  (24)  is  of  inter- 
est from  this  point  of  view. 
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The  results  of  chemical  researches  and  of  plant  culture  experiments  lead  to 
the  conclusions:  (a)  that  the  weaker  solvents  extract  the  potassiimi  which  is 
contained  in  the  secondary  soil  minerals  and  that  which  may  be  temporarily 
held  by  physical  absorption,  but  only  a  very  small  fraction  of  the  potassium 
of  the  native  minerals;  and  (b)  that  while  crops  may  draw  upon  the  unweathr 
ered,  primary  minerals  for  a  portion  of  their  potassimn  in  emergencies,  they 
rely  in  the  mam  upon  the  absorbed  potassium  and  secondary  minerals  for  their 
supply  (6,  7, 22, 23,  24, 37, 40, 49,  51, 53, 62, 63). 

IV.   EXPERIMENTAL 

General  plan  of  experiments 

The  four  experiments  here  reported  were  carried  out  for  the  piupose  of  ob- 
taining mformation  on  the  following  questions: 

1.  Will  applications  of  primary  potassium-containing  minerals  to  peat  soil 
affect  the  yield  of  crops  grown  therein? 

2.  To  what  extent  are  crops  enabled  to  obtain  potassium  from  those 
minerals? 

3.  Is  the  availability  of  the  mineral  potassiuiQ  for  plants  affected  by  the  pres- 
ence of  decomposing  active  organic  material,  or  of  magnesium  or  sodiimi 
chloride? 

4.  What  are  the  effects  of  decomposing  organic  material  and  of  magnesiimi 
and  sodium  chlorides  upon  the  amoimt  of  potassium  which  can  be  extracted 
by  water  from  these  minerals  under  soil  conditions? 

5.  What  effect  does  decomposing  organic  matter  have  upon  the  solubility 
of  the  mineral  potassium  in  the  absence  of  soil? 

6.  What  is  the  explanation  of  the  low  availability  of  the  potassium  of  dune 
sand? 

Description  of  materials  used 

The  soil  used  was  a  very  loose  peaty  soil  obtained  from  an  area  several 
hundred  acres  in  extent  near  Manito,  Illinois.  It  was  quite  free  from  sand  and 
from  roots  or  other  residues  of  recently  grown  plants.  It  had  been  under  cul- 
tivation for  several  years  but  had  not  been  cropped  more  than  once  or  twice 
within  the  last  six  or  seven  years.  The  last  fertilizer  treatment  it  had  received 
was  an  application  of  KCl  14  years  before  the  collection  of  soil  for  these  experi- 
ments. The  reaction  was  practically  neutral,  the  lime-requirement  as  deter- 
mined by  the  Hopkins  method  being  285  pounds  CaCOs  per  acre.  It  con- 
tained 0.411  per  cent  of  total  potassium,  or  4110  pounds  per  acre  (1  million 
pounds  peat  soil  assumed  as  the  weight  of  an  acre — 6}  inches). 

The  minerals  selected  for  study  were  orthoclase  feldspar  from  San  Diego 
County,  California,  microcline  from  Pennsylvania,  leucite  rock  from  the  Leii- 
dte  Hills,  Wyoming,  alunite  from  Utah,  muscovite  from  North  Carolina  and 
lepidolite  from  the  Black  Hills  of  South  Dakota.    The  impossibility  of  grind- 
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ing  a  large  enough  amount  of  muscovite  sufficiently  fine  with  the  apparatus 
available  necessitated  its  omission  from  the  experiments.  The  ignited  alunite 
was  prepared  by  igniting  to  a  bright  red  heat  in  a  muffle  furnace  for  two 
hours,  imtil  SO2  fumes  were  no  longer  given  ofiF.  The  minerals  used  contained 
the  following  amounts  of  total  potassium  (K). 


Pcrctmt 

Orthodase 11.00       Alunite 8.32 

Microcline 11 .23       Ignited  alunite 13.72 

Leudte 9.49       Lq>idolite 8.99 

The  limestone  used  was  high-caldum  stone  containing  0.21  per  cent  K  and  approximately 
92  per  cent  CACOj. 

The  organic  materials  used  were:  (a)  bright  dean  alfalfa  hay,  finely  ground 
(legume),  (b)  dean  prairie  hay,  consisting  mainly  of  blades,  findy  ground 
(non-legume)  and  (c)  fresh  cow  manure,  without  litter,  carefully  dried  at  low 
temperature  and  ground.  For  experiments  11  and  m  the  manure  was  used 
fresh,  without  drying. 

The  chemicals  were  high-grade  analyzed  chemicals  from  the  laboratory  stock. 

Experiment  L    Effect  of  potassiunhcontaining  minerals  on  yidd  and  composition 

of  buckwheat  crop 

Six  series  of  plant  cultures  were  grown  in  4-gallon  glazed  earthenware  jars 
provided  with  drainage  outlets.  Each  jar  was  filled  with  peat  soil  equivalent 
to  5039  gm.  water-free  soil.  All  received  limestone,  findy  ground,  at  the 
rate  of  1  ton  per  acre,  or  12.5  gm.  per  jar,  based  upon  the  area  of  the  jar. 
Series  100  was  a  check  series  and  recdved  no  minerals.  Series  200  to  600  re- 
ceived orthodase,  microcline,  leudte,  alunite  and  lepidolite,  respectivdy,  at 
the  rate  of  25  gm.  per  jar,  or  2  tons  per  acre.  The  only  exception  to  this  is  that 
jars  la  and  2a  in  each  series  received  125  gm.,  or  10  tons  per  acre.  Additional 
treatments  were  applied  to  the  jars  of  each  of  the  six  series  as  indicated  in  the 
following  table: 

Table  showing  applicalions  to  crop  culture  jars  in  addition  to  minerals 


NUMBBE  01  JAM 

STTBSTAIfCX  ADDED 

POUNDB  PEE  ACEX 

1,2 

Nothing 

la,  2a 

Mineral  alone,  10  tons 

20,000 

125.0 

lb,  2b 

Mineral  alone,  ignited 

2,000 

25. 0* 

3,4 

Alfalfa 

6,000 

37.5 

5,6 

Prarie  hay 

6,000 

37.5 

7,8 

Cow  manure 

3,536 

22.lt 

9,10 

MgCl,.6H,0 

800 

5.0 

11,12 

NaCl 

500 

3.1 

13,14 

KCl 

200 

1.25t 

*  Series  500  (alunite)  only. 

t  22.1  gm.  air-dry  manure  equivalent  to  125  gm.  fresh  manure,  or  20,000  pounds  per 

t  Scries  100  (check)  only. 
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All  of  the  43  treatments  were  carried  out  in  duplicate.  The  jars  were  planted 
to  buckwheat  April  22,  1918,  and  as  soon  as  the  plants  were  two  to  three 
inches  high  they  were  thinned  to  11  plants  per  jar.  The  moisture  content 
was  maintained  at  approximately  160  per  cent  of  the  water-free  weight  of  soil. 
The  plants  grew  vigorously  throughout  the  season,  except  in  series  600,  in 
which  they  did  not  thrive  as  well  as  in  series  100,  the  next  poorest.  Nmnbers 
601a  and  602a,  which  received  the  heavy  application  of  lepidolite  were  espe- 
cially stunted,  the  leaves  being  small,  yellow  and  curled.  Little  difference 
could  be  observed  in  the  growth  of  the  plants  in  series  200, 300, 400  and  500. 

The  crops  were  harvested  on  July  25  and  preserved  in  cheesecloth  bags  until 
air-dry.  They  were  then  weighed,  the  crops  from  duplicate  jars  combined, 
finely  ground,  and  preserved  in  tightly  stoppered  jars  for  analysis.  Table  1 
gives  the  yields  from  all  the  jars,  the  per  cent  of  potassium  in  the  crops,  and 
the  amoimt  of  potassium  removed  from  each  jar. 

In  experiments  II  and  III  the  amoimt  of  water-soluble  potassium  which 

could  be  extracted  from  the  peat  soil  by  shaking  with  an  excess  of  water  was 

determined  at  two  different  times  on  aliquots  of  the  same  sample,  kept  under 

optimum  moisture  conditions.    The  water-soluble  potassium  of  the  organic 

materials  was  determined  by  the  same  method.    These  amounts  were: 

Part  of  Mai  K 

whkkisuimbh 

peremi 

For  peat  soil,  initial,  37.7  mgm.  K  per  100  gm.  water-free  soil 9 .  17 

For  peat  soil  80  days  later,  33.9  mgm.  K  per  100  gm.  water-free  soil 8.25 

For  alfalfa,  15.4  mgm.  K  per  gram  of  dry  matter 96.25 

For  prairie  hay,  8.4  mgm.  K  per  gram  of  dry  matter 97.68 

For  cow  manure,  6.6  mgm.  K  per  gram  of  dry  matter 100.00 

There  are  three  sources  of  soluble  potassium  for  the  crop,  which  can  thus  be 
measured,  that  in  the  soil,  that  in  the  organic  materials  added  (or  KCl  in  113 
and  114),  and  that  in  the  seeds  planted.  The  total  potassium  added  per  jar 
in  the  seeds  planted  was  2  mgm.,  all  of  which  is  reckoned  as  available.  By 
difference  the  potassium  obtained  by  the  crop  from  insoluble  soim:es  can  be 
calculated.  These  amoimts  are  recorded  in  the  last  column  of  table  1  (+) 
as  well  as  any  excess  of  soluble  potassium  in  the  soil  which  the  crop  did  not 
take  up  (— ). 

Discussion  of  results 

The  relative  increases  in  yield  produced  by  applications  of  the  minerals  are 
quite  large,  as  shown  by  the  percentage  calculations  recorded  in  table  2. 
Lepidolite  gives  unsatisfactory  returns,  but  with  the  other  four  minerals  only 
one  case  is  found  in  which  the  yield  is  less  than  with  the  same  treatment  minus 
the  mineral  (jars  209,  210),  and  here  the  variation  in  duplicates  is  wider  than 
that  in  the  two  treatments.  That  these  increases  in  yield  were  produced  by 
the  mineral  rather  than  by  the  auxiliary  treatment  is  indicated  by  table  3. 
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TABLE  1 
Yidd  and  potassium  conUnl  of  buckwheat  in  experiment  I 


NUICBSSOV 
JAR 


YIXLDOV 
CROP 


AVS&AGE 
YIELD 


K  or  CROP 


Krrkovso 

PROM  JAR 


solublbK 

PftOMALL 


KOBTADKID 


Series  100.    Check 


gm. 

gm. 

^CMl 

gm. 

gm% 

gm. 

101 

52.9 

102 

55.3 

54.1 

1.96 

1.060 

1.148 

-0.088 

103 

66.5 

104 

55.4 

60.9 

2.07 

1.261 

1.725 

-0.464 

105 

46.7 

106 

40.2 

43.4 

2.37 

1.028 

1.463 

-0.435 

107 

44.5 

108 

57.8 

51.1 

2.24 

1.146 

1.294 

-0.148 

109 

48.8 

110 

54.9 

51.8 

2.21 

1.145 

1.148 

-0.003 

111 

37.2 

• 

112 

50.8 

44.0 

2.43 

1.069 

1.148 

-0.079 

113 

59.3 

114 

61.9 

60.6 

1.88 

1.140 

1.803 

-0.663 

Series  200.    Orthoclase 


201 

68.3 

202 

76.1 

72.2 

1.87 

1.350 

1.148 

+0.202 

201a 

72.1 

202a 

66.4 

69.2 

1.95 

1.350 

1.148 

+0.202 

203 

65  5 

204 

61.8 

63.6 

2.67 

1.698 

1.725 

-0.027 

205 

59.7 

206 

57.4 

58.5 

2.23 

1.305 

1.463 

-0.158 

207 

69.5 

208 

71.6 

70.5 

2.17 

1.530 

1.294 

+0.236 

209 

42.3 

210 

55.1 

48.7 

2.32 

1.130 

1.148 

-0.018 

211 

52.6 

212 

59.9 

56.2 

2.34 

1.315 

1.148 

+0.167 
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TABLE  l—CotOimtd 


rnmsKoi 

JAM 


YIILDOr 
CKOP 


AVXIAOB 


KOfCBOP 


KUMOVSD 
ntOlf  JAA 


solubxeK 

nOM  AIL 


K  OBTAINED  nOM 

DfSOLUBIB 

SOU1CB8 


Series  300.    Miciocline 


tm. 

cm. 

ptrctnt 

cm. 

cm. 

fUtm 

301 

76.0 

302 

75.6 

75.8 

1.69 

1.281 

1.148 

+0.133 

301a 

75.5 

3Q2a 

65.0 

70.2 

1.80 

1.264 

1.148 

+0.116 

303     « 

75.2 

304 

61.9 

68.5 

1.90 

1.302 

1.725 

-0.423 

305 

61.7 

306 

57.8 

59.7 

1.95 

1.164 

1.46? 

-0.299 

307 

77.2 

308 

68.0 

72.6 

2.00 

1.452 

1.294 

+0.158 

309 

60.5 

• 

310 

63.0 

61.7 

1.78 

1.098 

1.148 

-0.050 

311 

50.6 

312 

53.0* 

51.8 

1.59 

0.855 

1.148 

-0.293 

Series  400.    Leudte 


401 

71.2 

402 

80.3 

75.7 

1.63 

1.234 

1.148 

+0.086 

401a 

79.4 

402a 

76.4 

77.9 

1.75 

1.363 

1.148 

+0.215 

403 

71.2 

404 

69.2 

70.2 

2.32 

1.629 

1.725 

-0.096 

405 

78.3 

406 

56.1 

67.2 

1.72 

1.155 

1.463 

-0.308 

407 

74.0 

408 

71.8 

72.9 

1.66 

1.210 

1.294 

-0.084 

409 

64.9 

410 

66.2 

65.5 

1.86 

1.218 

1.148 

+0.070 

411 

59.3 

412 

61.6 

60.4 

2.15 

1.298 

1.148 

+0.150 

*  Stand  of  only  2  plants. 
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TABLE  1—C(mdud9d 


WUMBEKOV 
JAR 


YIELD  OV 
CROP 


AVERAGE 
YIELD 


K or  CROP 


K REMOVED 
FROM  JAR 


SOLUBLE  K 

FROM  All. 

SOURCES 


K  OBXAXinCD  FROM 


Series  500.    Alunite 


gm. 

gtitt 

ptrcetU 

gM. 

gm. 

fW. 

501 

74.7 

502 

77.9 

76.3 

1.73 

1.320 

1.148 

+0.172 

501a 

72.3 

502a 

72.4 

72.3 

1.72 

1.244 

1.148 

+0.096 

501b 

63.8 

/(-2.999»)\ 

502b 

62.4 

63.1 

2.47 

1.559 

1.148 

\  +0.411    J 

503 

72.4 

504 

66.9 

69.6 

2.27 

1.580 

1.725 

-0.145 

505 

62.0 

• 

506 

60.1 

61.0 

1.75 

1.068 

1.463 

-0.395 

507 

68.7 

508 

69.3 

69.0 

1.92 

1.324 

1.294 

+0.030 

509 

63.6 

510 

72.8 

68.2 

1.93 

1.316 

1.148 

+0.168 

511 

67.2 

• 

512 

67.0 

67.1 

1.92 

1.288 

1.148 

+0.140 

Series  600.    Lepidolite 


601 

58.7 

602 

60.5 

59.6 

2.06 

1.227 

1.148 

+0.079 

601a 

27.9 

602a 

33.6 

30.7 

2.39 

0.735 

1.148 

-0.413 

603 

60.0 

604 

50.4 

55.2 

2.21 

1.220 

1.725 

-0.505 

605 

52.6 

606 

47.6 

50.1 

2.60 

1.302 

1.463 

-0.161 

607 

65.2 

60S 

63.6 

64.4 

2.00 

1.288 

1.294 

-0.006 

609 

45.8 

610 

47.5 

46.6 

1.94 

0.903 

1.148 

-0.245 

611 

51.9 

612 

51.8 

51.8 

1.95 

1.010 

1.148 

-0.138 

*  This  value  is  obtained  if  the  potassium  of  ignited  alunite  is  considered  entirely  available. 
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In  this  table  the  relative  yields  in  each  series  are  calculated  as  percentages  of 
the  yield  produced  by  the  mineral  alone,  which  is  taken  as  100.  Almost 
iTdthout  exception  the  yield  is  greater  with  the  mineral  alone  than  where  any 
of  the  additional  treatments  were  applied. 

The  value  of  the  decaying  organic  manures  in  liberating  potassiiun  is  im- 
fairly  minimized,  however,  if  yields  alone  are  taken  as  a  criterion.    The  value 

TABLE  2 
Relative  yields  of  buckwheat.    Effect  of  minerals  (no  mineral  »  100) 


JAKKUMBU 

AUmUAAY  TEEATlCiarT 

8EUB8 

100, 

NO 

lONESAL 

SBUB8 

200, 

OSXHO- 

CLA8X 

sniBS 

300. 

MICRO- 
CLINE 

UESIB8 

400. 
LXUCXTK 

snns 

500. 
ALumix 

SBUXS 

600. 

OUTB 

1,2 

la,  2a 

lb,  2b 

3,4 

5,6 

7,8 

9,10 

11,12 

13,14 

None 

10  tons  mineral 

Ignition  of  mineral 

Alfalfa 

Prairie  hay 

Cow  manure 

MgCl,.6H,0 

NaCl 

KCl 

100 
100 

100 
100 
100 
100 
112 

133.5 

127.9 

104.4 
134.8 
138.0 
94.0 
127.7 

140.2 

129.7 

112.5 
137.6 
142.1 
119.1 
122.3 

139.9 
144.0 

115.3 
154.8 
142.7 
126.5 
137.3 

141.0 
133.7 
116.6 
114.3 
140.3 
135.0 
131.7 
152.5 

110.2 
56.7 

90.6 
115.4 
126.0 

90.0 
117.7 

Average 

100 

121.1 

128.3 

134.8 

133.1 

107.3 

TABLE  3 
Relative  yields  of  buckwheat.    Effect  of  auxiliary  treatment  (mineral  alone  «  JOO) 


Ma 

MXTMBBX 

AUXIUAEY  nXATMSNT 

8SSIX8 

100. 

NO 

MXNKRAL 

SERIES 

200. 

ORTHO- 

CLA8E 

SERIES 

300. 

MICRO- 
CUNB 

SERIES 

400. 

LEUCXTE 

SERIES 

500. 

ALUMITE 

SERIES 

600. 
LEPID- 
OUTB 

AVERAOB 

1,2 

None 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

la,  2a 

10  tons  mineral 

95.8 

92.6 

102.9 

94.7 

51.5 

87.5 

lb,  2b 

Ignition  of  mineral 

82.7 

3,4 

Alfalfa 

112.6 

88.1 

90.4 

92.7 

91.2 

92.6 

94.9 

5,6 

Prairie  hay 

80.2 

81.0 

78.7 

88.8 

79.9 

84.1 

82.1 

7,8 

Cow  manure 

94.4 

97.7 

95.8 

96.4 

90.4 

108.1 

97.1 

9,10 

MgCl,6H,0 

95.7 

67.4 

81.4 

86.5 

89.4 

78.2 

83.1 

11,12 

NaCl 

81.3 

77.8 

68.3 

79.8 

87.9 

86.9 

80.3 

13,14 

KCl 

112.0 

of  decomposing  organic  matter  in  dissolving  relatively  insoluble  mineral  plant 
nutrients  is  generally  ascribed  largely  to  the  HNOa  produced  in  nitrification, 
organic  acids  produced  by  partial  decomposition  of  non-nitrogenous  com- 
poimds,  and  COs.  The  large  excess  of  limestone  applied  to  all  the  jars  fur- 
nished an  abimdance  of  readily  available  base  for  the  neutralization  of  these 
adds,  thus  preventing  them  from  attacking  the  less  soluble  potassium  silicates. 
This  fact  was  realized  at  the  beginning  of  the  work,  but  it  was  believed  that 
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the  beneficial  efiFect  of  the  limestone  in  the  soil  to  the  growing  crop  would  cause 
sufficiently  increased  root  growth  and  feeding  power  of  the  plant  to  offset  the 
disadvantage.  The  data  of  these  experiments  furnishes  no  basis  for  a  compari- 
son of  these  values.  Furthermore,  the  large  amoimt  of  organic  matter  of  the 
peat  itself  was  probably  decomposed  rapidly  enough  to  affect  the  minerals  to 
almost  if  not  quite  as  great  an  extent  as  the  small  amount  of  organic  material 
added.  Indications  of  considerable  nitrification  were  furnished  by  the  appear- 
ance occasionally  during  the  growing  season,  of  a  slight  white  or  brownish 
crust  of  nitrates  and  other  salts  on  the  surface  of  the  soil  in  aU  the  jars. 

An  inventory  of  the  sources  of  potassiiun,  soluble  and  insoluble,  upon  which 
the  crops  could  draw  for  their  supply  indicates  that  the  deficiency  of  available 
potassiimi  in  this  soil  is  not  as  great  as  is  to  be  desired  in  an  experiment  of 
this  kind.  The  soluble  potassium  in  the  soil  alone,  according  to  the  extraction 
and  analysis  noted  previously,  amounts  to  1.146  gm.  per  jar.  The  amount 
of  soluble  potassium  added  in  the  organic  materials  is,  for  the  jars  receiving 
those  materials,  0.755  gm.  in  the  alfalfa,  0.315  gm.  in  the  prairie  hay  and  0.146 
gm.  in  the  maniure.  The  0.002  gm.  of  potassiimi  added  in  the  seed  is  consid- 
ered available,  and  the  smn  of  these  three  amounts  gives  the  values  recorded  in 
the  next  to  last  colunm  of  table  1.  This  leaves  insoluble  potassium  in  the 
soil  of  each  jar,  11.314  gm.;  in  the  limestone  added  0.026  gm.  and  in  the  min- 
erals added,  2.08  to  2.81  gm.  except  where  the  10-ton  applications  were  made, 
in  which  there  was  five  times  as  much.  In  calculating  the  values  for  the  last 
colunm  of  table  1  it  was  assumed  that  the  crop  utilizes  all  the  potassium  from 
the  soluble  sources  named  before  beginning  on  the  insoluble  supply.  It  may 
be  noted  that  in  25  of  the  43  cultures,  a  part  of  the  soluble  potassium  amount- 
ing to  from  3  to  663  mgm.  remained  in  the  jars,  unused  by  the  plant,  while  in 
only  18  jars  the  plants  utilized  a  part  of  the  insoluble  potassium.  These  un- 
used reserves  of  soluble  potassium  were  present  mainly  in  series  100  and  600, 
where  the  yields  were  small,  and  the  crops  more  or  less  unthrifty  in  appear- 
ance. In  the  other  four  series  the  unused  reserves  were  found,  mainly,  in 
the  jars  receiving  an  excess  of  soluble  potassium  in  the  organic  manures  added. 

The  percentage  of  potassium  in  the  crops  from  the  various  treatments  varies 
widely.  These  variations  appear  to  depend  as  much  upon  the  available  sup- 
ply of  potassium  as  upon  the  crop  yield.  The  total  amount  removed  per  jar, 
on  the  other  hand,  is  necessarily  dependent  upon  the  yield  to  a  large  extent. 
As  a  result,  the  high  yields  are  accompanied  by  the  removal  of  some  potassiimi 
from  the  sources  listed  as  insoluble,  except  where  an  abundant  supply  of  solu- 
ble potassium  has  been  added  in  the  organic  materials.  The  maximum  amount 
of  '^  insoluble"  potassium  thus  taken  up  by  the  plants,  was  in  jars  401a  and 
402a,  where  the  potassium  from  insoluble  sources  constituted  15.8  per  cent  of 
the  total  amount  taken  up  by  the  crop. 

The  effect  of  the  minerals  upon  the  amount  of  potassiimi  utilized  by  the  crop 
may  be  shown  very  dearly  by  averaging  the  amounts  of  potassium  removed 
per  jar  for  each  series  separately.    The  following  table  gives  these  averages. 
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as  well  as  the  relative  amounts  removed  per  jar  on  a  basis  of  100  for  the  series 
receiving  no  mineral: 


lOOy  No  mineral 

200,  Orthodase 

300,  Microdine 

400,  Leudte 

500,  Alunite 4 

501b,  502b,  Ignited  alunite. 
600,  Lepidolite 


K  REMOVED  PEE  JAR, 
AVERAGE  OV  14  JARS 


1.118 

1.383 

1.202 

1.301 

1.306* 

1.559 

1.098 


RELATIVE  AMOXJICT  OV 
K  REMOVED  PER  JAR, 
AVERAGE  or  14  JARl 


100.0 

123.7 
107.5 
116.3 
116.8* 
139.5 
98.26 


*  Average  of  16  jars. 

Increased  amounts  of  potassium  are  thus  seen  to  be  removed  by  the  crops, 
amoimting  to  7.5  to  23.7  per  cent  where  minerals  are  supplied,  if  we  exdude 
ignited  alimite,  which  contains  much  soluble  potassiiun,  and  lepidolite,  which 
shows  unsatisfactory  results  here  as  in  the  yields.  This  method  of  averaging 
is  not  imfair,  because  the  values  averaged  are  from  jars  receiving  the  same 
supplementary  treatments  in  each  series. 

These  observations  lead  to  the  following  conclusions: 

1.  AppUcations  of  25  gm.  per  jar  (approximately  2  tons  per  acre)  of  ortho- 
dase, microdine,  leudte  and  alunite  increase  the  yidd  of  buckwheat  from  20  to 
35  per  cent  and  also  enable  the  crop  to  utilize  all  the  water-soluble  potassiimi 
present  as  well  as  some  of  the  less  available  forms.  A  part  of  this  may  come 
from  the  minerals  applied. 

2.  On  the  peat  soils  used  in  this  experiment  the  addition  of  crop  residues, 
manure,  or  soluble  magnesium  or  sodium  salts  does  not  increase  the  yidd  of 
buckwheat  or  the  availabUlity  of  the  potassiiun  of  the  minerals  added. 

3.  The  activities  of  the  root  system  through  contact  with  the  soil  or  mineral 
partides,  and  commonly  spoken  of  as  the  '^  feeding  power"  of  plants,  is  an 
important  factor  to  be  considered  in  the  liberation  of  relativdy  insoluble 
potassium. 

Experiment  11,  Solubility  of  the  minerals  in  water  as  affected  by  decaying  organic 

materials  and  soluble  salts  under  soil  conditions 

This  experiment  was  carried  out  in  half-gallon  Mason  jars,  loosdy  covered 
in  order  to  prevent  excessive  evaporation  and  keep  out  dirt,  without  exduding 
air.  It  was  the  piupose  to  follow  the  general  plan  of  Experiment  I  as  to  treat- 
ments, but  to  determine  the  potassium  in  a  water  extract  instead  of  growing  a 
crop  in  the  soil.  Since  the  absorbing  power  of  a  soil  prevents  as  complete  ex- 
traction of  the  water-soluble  potassium  as  the  plant  is  capable  of,  a  larger 
proportion  of  mineral  to  soil  was  used  than  in  the  culture  experiment.    The 
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method  of  shaking  the  soil  with  a  large  excess  of  water  was  chosen  in  prefer- 
ence to  the  percolation  method  of  extraction  in  order  to  lessen  potassium 
absorption  as  much  as  possible. 

To  each  100  gm.  of  water-free  soil  was  added  enough  mineral  to  carry  1  gm. 
of  potassium.  The  organic  materials  were  added  at  the  rate  of  1  gm.  of  dry 
matter  per  100  gm.  of  soil  and  the  soluble  salts  were  added  in  molecular  equiva- 
lents of  the  potassium  contained  in  the  mineral.  In  addition  to  the  auxiliaiy 
treatments  used  in  experiment  I,  NH4CI  and  dextrose  were  used.  Table  4 
gives  the  treatments  in  detail. 

In  each  case  double  the  amount  of  soil  needed  for  an  extraction  was  taken. 
The  minerals  and  other  substances  were  added  to  the  air-dry  soil  (except  sol- 
uble salts  and  dextrose)  and  well  mixed,  dry.    Enough  distilled  water  was 

TABLE  4 
Sail  and  treatments  used  in  experiment  II 


JAft 

iroiiBift 

FIAT  BOIL 

EQUIVALEMT 

TOWAm- 

Ytusoa. 

gm. 

1 

200 

2 

200 

3 

400 

4 

400 

5 

400 

6 

200 

7 

200 

8 

200 

9 

200 

10 

200 

AmUUAET  nXATMIMT 


Sobttance  nddtd 


Nothing 

CaCQi 

Alfalfa 

Prairie  hay 

Fresh  manure 

MgC]t.6HsO 

NaQ 

NH4CI 

De3ctrose 

KCl 


Amount 


2.56 
4.26* 
4.29* 
23.91* 
5.20 
2.99 
2.74 
2.00 
3.81 


A, 
NO 


B, 

OETBO- 

CLA8S 


cm. 
18.32 
18.32 
36.64 
36.64 
36.64 
18.32 
18.32 
18.32 
18.32 


c. 

KM 
CLDIB 


cm. 
17.81 
17.81 
35.62 
35.62 
35.62 
17.81 
17.81 
17.81 
17.81 


D. 


21.07 
21.07 
42.14 
42.14 
42.14 
21.07 
21.07 
21.07 
21.07 


SIMIBB 


24.04 
24.04 
48.08 
48.06 
48.08 
24.04 
24.04 
24.04 
24.04 


». 


22.24 
22.24 
44.48 
44.48 
44.48 
22.24 
22.24 
22.24 
22.24 


*  Equivalent  to  4.00  gm.  dry  matter. 


added  to  bring  up  to  optimum  (160  per  cent)  and  again  very  thoroughly  mixed. 
The  soluble  salts  and  dextrose  were  dissolved  m  the  water  used  for  making  the 
soil  up  to  optimum.  The  entire  mass  was  then  weighed,  one-half  removed  for 
extraction  and  the  other  half  placed  in  the  Mason  jars.  The  fractions  kept  in 
the  jars  were  weighed  and  brought  up  to  optimum  moisture  content  every 
few  days  with  distilled  water  during  the  period  of  the  experiment.  The  double 
amounts  of  soil  prepared  in  jars  3, 4  and  5  of  each  series  were  prepared  in  order 
that  ammonia  and  nitrate  nitrogen  might  be  determined  in  the  soils  receiving 
organic  manures.  This  might  throw  some  light  upon  a  possible  correlation 
of  ammonification,  nitrification  and  solution  of  the  potassium  of  the  minerals 
used.  Unfortunately,  the  determinations  were  all  ruined  by  the  breaking  of 
a  refrigerating  machine  and  consequent  flooding  of  the  building  with  NHi 
fiunes.  A  few  nitrate  determinations  were  saved  but  the  results  were  not  con- 
sidered of  suflScient  importance  to  record. 
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The  method  of  determining  water-soluble  potassium  was  as  follows.  The 
moist  treated  soils  were  inmiediately  placed  in  2^-liter  bottles,  shaken  5  hours 
in  a  mechanical  shaker  with  1500  cc.  distilled  water  (including  the  water  al- 
ready contained  in  the  sample)  and  then  allowed  to  settle  36  hours.  The 
supernatant  solution  was  then  filtered  through  filter  paper  and  placed  in  glass 
stoppered  bottles  with  a  few  drops  of  chloroform  until  used.  Aliquots  of  this 
solution  were  clarified  by  shaking  with  5  cc.  of  milk  of  lime.    Aliquots  of  the 

TABLES 
Milligrams  of  potassium  extracted  hy  water  from  100  grams  of  soil 


JAM 

TOAXMBNT 

AtCBICK 

NO 
MDIBEAL 

B,  OITBO- 
CLASI 

cmcKO- 
CLun 

0,  LXUCITB 

B^ALCICITE 

V.LXriD- 

ount 

MfW. 

^Vif^v« 

MfW* 

fRfMI. 

OTfM* 

MfM. 

1 

Nothing            { 

37.7 
33.9 

26.6 
33.5 

26.6 
32.3 

32.0 
37.3 

28.5 
33.7 

39.8 
52.6 

2 

CaCOk              1 

32.9 
29.1 

33.7 
33.1 

32.0 
30.1 

35.3 
36.9 

32.4 
33.5 

46.2 
46.1 

3 

Alfalfa              1 

39.1 
41.0 

40.3 
42.6 

34.6 
40.3 

39.6 
45.3 

35.7 
40.6 

51.9 
62.3 

4 

Prairie  hay       < 

31.7 
34.4 

32.8 
36.1 

28.8 
33.5 

30.7 
39.6 

31.4 
36.0 

50.8 
49.5 

5 

Manure            < 

27.7 
33.0 

31.4 
36.4 

27.6 
35.0 

31.2 
39.8 

27.8 
35.3 

48.8 
53.1 

8 

NH4CI              j 

29.8 
43.9 

43.7 
44.0 

41.3 
45.2 

45.9 
56.3 

42.4 
46.0 

62.9 
84.4 

9 

Dextrose           { 

23.6 
29.7 

26.6 
31.2 

26.3 
28.1 

21.2 
37.4 

29.7 
31.1 

49.6 

48.4 

10 

KCl                  1 

184.6 
176.4 

• 

clarified  solution  were  then  filtered  and  taken  to  dryness  in  an  excess  of  H9SO4, 
ignited  to  destroy  organic  matter,  taken  up  in  boiling  water  and  thoroughly 
triturated  with  an  agate  pestle.  Caldum  sulfate  was  filtered  off  and  washed, 
the  remamder  of  the  caldimi  was  removed  as  the  oxalate,  ammonium  salts 
driven  off  and  potassium  determined  gravimetrically  as  K2PtCl«. 

At  the  end  of  80  days  the  second  set  of  moist  soil  samples  was  removed  from 
the  jars,  extracted  and  the  extract  analyzed  for  potassium  in  the  same  way. 
It  was  impossible  in  the  limited  time  available  to  overcome  difficulties  caused  by 
the  interference  of  the  large  amounts  of  magnesimn  and  sodium  in  numbers 
6  and  7.  The  results  are  considered  imtrustworthy  and  are  therefore  not 
presented. 
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The  results  of  the  analyses  are  recorded  in  table  5,  the  figures  representing 
milligrams  of  K  per  100  gm.  of  water-free  soil,  or  parts  per  100,000.  The 
upper  row  of  figures  represents  the  results  from  the  initial  water-extracticm, 
and  the  lower  row,  results  of  extraction  after  80  days  of  moist  contact  of  soil 
and  mineral  under  aerobic  conditions. 

Subtracting  the  values  given  in  the  check  column,  A,  from  those  in  each  (A 
the  succeeding  columns  gives  the  increase  in  soluble  potassium  due  to  the 
addition  of  the  minerals.    These  values  are  in  table  6. 


TABLE  6 
Gains  (+)  in  sciMe  potassium  aver  check 


JARVUMBSR 


8 


TREATMENT 


0 


CaCOj 


Alfalfa 


Prairie  hay 


Manure 


NH4CI 


Dextrose 


( 
{ 
{ 
{ 


{ 
{ 


KOK. 

KpekIOOok 

.SOIL 

B.OrthocUse 

C,  MicrodineJ 

D.Leodte 

E.AlimitA 

F.LepUoBte 

-11.1 
+  0.4 

-11.1 
-   1.6 

-  5.7 
+  3.4 

-  9.2 

-  0.2 

+  2.1 
+18.7 

+  0.8 
+  4.0 

-  0.9 
+  1.0 

+  2.4 
+  7.0 

+  0.5 

+  4.4 

+13.3 
+17.0 

+  1.2 
+  1.6 

-  4.5 

-  0.7 

+  0.5 

+  4.3 

-  3.4 

-  0.4 

+12.8 
+21.3 

+  1.1 
+  1.7 

-  2.9 

-  0.9 

-  1.0 
+  5.2 

-  0.3 
+  1.6 

+19.1 
+15.1 

+  3.7 
+  3.4 

-  0.1 
+  2.0 

+  3.5 
+  6.8 

+  0.1 
+  2.3 

+21.1 
+20.1 

+  3.9 
+  0.1 

+11.5 
+  1.3 

+16.1 

+12.4 

+12.6 
+  2.1 

+33.1 
+40.5 

-f  3.0 
-f  1.5 

+  2.7 
-  1.6 

-  2.4 

+  7.7 

+  6.1 
+  1.4 

+26.0 
+18.7 

Discussion  of  resuUs 

The  most  striking  fact  brought  out  by  table  5  is  the  large  amount  of  soluble 
potassium  in  the  untreated  peat  soil.  From  8  to  9  per  cent  of  the  total  potas- 
sium in  the  soil  is  extracted  by  shaking  with  water.  This  suggests  that  a  con- 
siderable proportion  of  the  soil  potassium  of  the  peat  is  held  by  the  organic 
matter  of  the  soil,  since  potassium  which  is  bound  to  the  mineral  soil  constitu- 
ents is,  as  a  rule,  much  more  firmly  held. 

An  apparent  increase  in  the  amount  of  soluble  potassium  after  80  days* 
standing  is  noted  throughout  table  5,  almost  without  exception. 

The  effects  of  the  minerals  are  most  clearly  shown  in  table  6.  Three  points 
are  conspicuous. 
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(a)  The  solubility  of  lepidolite  is  very  high  throughout  all  the  treatments. 
The  solubility  of  lepidolite  is  influenced  little  or  not  at  all  by  any  of  the  treat- 
ments. In  view  of  this  result,  the  stunting  of  the  crop  grown  in  series  600  of 
experiment  I  may  well  be  ascribed  to  the  presence  of  some  toxic  element  dis- 
solved out  of  the  mineral,  probably  an  excess  of  soluble  lithium.  The  excess 
of  caldum  carbonate  in  the  soil,  which  was  already  practically  neutral  makes 
poisoning  by  soluble  aluminum  salts  appear  improbable. 

(b)  The  addition  of  the  minerals  to  the  untreated  soil  (no.  1,  table  6)  caused 
an  immediate  disappearance  of  considerable  amounts  of  potassium  from  solu- 
tion which  reappeared  in  the  later  extraction.  This  suggests  a  possible  tem- 
porary absorbing  capacity  of  the  minerals  themselves  for  potassium. 

(c)  The  only  evidence  of  potassium  Uberation  by  exchange  of  bases  is  fur- 
nished by  the  extraction  with  NH4CI.  With  the  exception  of  orthoclase  there 
is  an  increased  amount  of  potassium  dissolved  to  the  extent  of  11  to  33  mgm. 
per  100  gm.  of  soil  over  that  with  NH4CI  alone  (no  mineral).  The  increase 
over  the  mineral  alone  is  equally  marked,  as  shown  in  table  5.  This  is  in  ac- 
cord with  the  findings  of  Andr6  (2),  Steiger  (59)  and  Beyer  (6).  The  solubility 
in  all  the  other  treatments  is  but  slight,  the  values  recorded  being,  for  the  most 
part,  within  the  limits  of  experimental  error.  Leudte,  however,  shows  dis- 
tinctly greater  solubility  than  orthoclase,  microcline  or  alimite. 

Concerning  the  auxiliary  treatments,  nothing  can  be  said  in  their  favor, 
used  under  the  conditions  of  this  experiment,  except  for  the  NH4CI  already 
noted.  Where  the  organic  manures  have  been  added,  there  is  an  increase  in 
potassium  extracted,  but  it  should  be  noted  that  the  increase  is  not  sufficient 
to  cover  the  amount  added  in  the  organic  material.  In  every  case  the  soil- 
mineral  mixture  has  absorbed  half  or  more  of  the  soluble  potassium  added 
in  the  organic  manures.  Dextrose  has  depressed  the  solution  of  potassium 
throughout.  CaCOs  has  had  no  effect  except  to  decrease  slightly  the  tempor- 
ary absorption  of  potassium  by  the  soil-mineral  mixture.  The  absorptive  power 
of  the  soil  is  shown  in  no.  10,  table  5.  The  amounts  of  soluble  potassium  found 
indicate  the  immediate  absorption  by  the  soil  of  81.5  per  cent  of  the  potassium 
added  as  KCl,  this  being  increased  to  82.4  per  cent  during  the  80  da3rs. 

Experiment  III.  SolfibUity  of  minerals  in  water  as  affected  by  certain  decaying 

organic  materials 

The  general  plan  of  experiment  m  is  the  same  as  in  experiment  11. 

In  experiment  UI  mixtures  of  the  minerals  and  the  organic  materials  used 
in  experiment  U  were  allowed  to  stand  moistened,  but  not  saturated  with 
water  for  80  days.  The  method  of  mixing  and  of  extracting  was  exactly  the 
same  as  in  experiment  II.  Each  mineral  was  treated  with  two  different  pro- 
portions of  the  organic  material.  One  was  the  same  as  in  experiment  U, 
namely,  1  gm.  dry  organic  material  to  1  gm.  total  K  in  mineral,  while  the  other 
mixture  contained  10  times  as  much  organic  matter.    For  the  purpose  of  com- 
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parison,  each  of  the  organic  materials  and  minerals  was  extracted  with  water 
separately.  The  results  of  these  extractions  are  given  in  tables  7,  8,  and  9. 
In  table  7  the  upper  row  of  figures  (a)  represents  the  values  obtained  at  the 

TABLE  7 
Water-solubU  potassium  in  organic  maUer-mineral  mixture 


NUMBER 

OXGAMIC  MAXKRXAIS 
TAKEN 

DXT 
XAXTXK 

MOM.  K  PER  1  OM. 

a -initial 
(Mineral  used 

TOTAL  K  IN  MINXXAL 

b- 80  days  later 
-  10  gm.  Total  K) 

B.Ortho- 
dase 

C,  Micro- 
dine 

D^Leudte 

EfAlimite 

^•5ffif^ 

m. 

10 

Alfalfa 

10   1 

a 
b 

17.8 
17.0 

16.5 
16.4 

19.2 
19.0 

16.5 
17.7 

36.0 
19.9 

11 

Alfalfa 

100   1 

a 
b 

139.1 
159.6 

132.1 
165.8 

134.0 
159.9 

129.2 
154.7 

150.0 
170.7 

12 

Prairie  hay 

10   1 

a 
b 

11.0 
9.7 

9.5 
8.6 

12.7 
11.8 

9.3 
9.8 

22.5 
12.9 

13 

Prairie  hay 

100   1 

a 
b 

72.5 
81.5 

82.1 
80.8 

82.8 
85.4 

85.2 
80.5 

103.7 
77.0 

14 

Manure 

lo^l 

a 
b 

8.0 
7.7 

7.6 
8.0 

10.4 
11.0 

6.9 
7.1 

19.3 
13.7 

15 

Manure 

100*  1 

a 
b 

49.4 
57.2 

30.7 
58.4 

42.3 
69.0 

63.4 
68.6 

78.3 
69.7 

*  Equivalent  amount  of  fresh  manure  was  used. 


TABLES 
Wakr-sduhU  potassium  in  organic  materials  used 


BUBfTANCX 


Alfalfa 

Prairie  hay... 
Fresh  manure, 


TOTAL  K 


Ptrctnl* 

1.60 
0.86 
0.66 


WATXK-«OLUXLX 

K 


1.54 
0.84 
0.66 


toxalK  ivMia 

ISaOLUXLK 


96.25 

97.68 

100.00 


*  Percentage  in  dry  matter. 


initial  extraction,  and  the  lower  row  (b)  the  values  obtained  80  days  later.  In 
order  to  show  the  gain  or  loss  of  soluble  potassium  occasioned  by  contact  of 
the  minerals  and  organic  matter,  the  sum  of  the  values  given  in  tables  8  and  9 
was  deducted  from  those  in  table  7.    Table  10  gives  the  differences. 
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Discussion  of  results 

An  examination  of  the  data  in  table  10  reveals  the  following  facts.  Only 
where  the  larger  amounts  of  organic  materials  are  used  is  there  a  significant 
change  in  the  amount  of  soluble  potassium  obtained.  This  is  a  disappearance 
of  potassium  from  solution  in  all  the  initial  extractions  and  in  the  later  extrac- 

TABLE9 
Water-soluble  K  in  minerals 


8T7B8TANCB 

vox.  80LUBLX  K 
FEK  100  OM.MnnBAL 

MOM. 

ml 

.SOLTTBUK 
CM.  TOTAL  K 

Orthoclaae 

11.99 
11.79 
42.73 
11.18 
62.99 

1.1 

Mirrocline 

1.0 

Leudte 

4.5 

AhiDite 

1.3 

Lepidolite 

7.0 

TABLE  10 
Gain  or  loss  of  sokMe  K  occasioned  by  mixing  of  organic  maierials  with  minerals 

a  »  initial       b  »  80  days  later 


wjmMEa, 

BfOtlBOCLASB 

C,  XXC&OCIINX 

D.LXUCITK 

XfALUlRTS 

r.LBriDouix 

flMfM. 

flMfM. 

MfM. 

MfW. 

lllfHI. 

10     1 

a 
b 

+  1.3 
+  0.5 

+  0.1 
0 

-  0.7 

-  0.9 

-  0.2 
+  1.0 

-13.6* 
-  2.5* 

11        1 

a 
b 

-16.0* 
+  4.5* 

-13.0* 
+10.8* 

-24.5* 
+  1.4 

-26.1* 
-  0.6 

-11.0* 
+  9.7* 

12       1 

a 
b 

+  1.5 
+  0.2 

+  0.1 
-  0.8 

-  0.2 

-  1.1 

-  0.4 
+  0.1 

+  7.1* 
-  2. 5* 

13       1 

a 
b 

-12.6* 
-  3.6* 

-  2.9* 

-  4.2* 

-  7.7* 

-  3.1* 

-  0.1 

-  4.8* 

+12.7* 
-14.0* 

14       1 

a 
b 

+  0.3 
0 

0 
+  0.4 

-  0.7 

-  0.1 

-  1.0 

-  0.8 

+  5.7* 
+  0.1 

15       1 

a 
b 

-17.7* 
-  9.9* 

-36.3* 
-  8.6* 

-28.2* 
-  1.5 

-  3.9* 
+  1.3 

+  5.3* 
-  3.3* 

*  Tbe  values  so  marked  are  the  only  ones  in  which  the  differences  are  greater  than  can  be 
accounted  for  by  experimental  error. 

tions  of  prairie  hay  and  manure,  in  amounts  up  to  55  per  cent  (C15,  initial) 
of  that  added  in  the  organic  material.  Alfalfa  during  80  days  effected  the  so- 
lution of  4.5  mgm.  K  per  gm.  of  total  K  in  orthoclase,  10.8  mgm.  in  microcline 
and  9.7  mgm.  in  lepidolite.  The  greater  solvent  action  of  the  alfalfa  is  due  in 
part  to  the  fact  that  it  was  decomposed  much  more  rapidly  than  the  other  two 
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organic  materials.  Four  weeks  after  the  beginning  of  the  experiment  the 
alfalfa  had  broken  down  to  such  an  extent  that  none  of  the  plant  structure 
was  distinguishable,  and  the  mass  resembled  the  cow  manure  in  appearance. 
A  large  proportion  of  the  prairie  hay,  on  the  other  hand,  was  but  little  changed 
in  appearance  even  at  the  end  of  the  80  days.  The  high  proportion  of  easily 
decomposable  nitrogenous  material  in  the  alfalfa  may  also  have  been  a  factor 
affecting  its  solvent  action.  There  is  a  possibility  that  this  factor  was  really 
the  presence  of  ammonia,  since  conditions  were  more  favorable  for  ammoni- 
fication  than  for  nitrification. 

The  high  solubility  of  lepidolite  noted  in  experiment  II  is  further  illustrated 
here,  but  the  potassium  dissolved  disappears  from  solution  later,  as  shown  by 
the  second  extractions.    The  slow  absorption  of  dissolved  potassium  suggests 

TABLE  11 
Absorption  of  potassium  by  minerals.    Milligrams  of  K  per  gram  of  total  K  in  mmeral 


NinCBER 

mNKRAL 

AMOUMTOr 

MZNXRAL 

USZD 

(-lgm.K) 

SOLUBUK 

AIVDEDAS 

KCl 

SOLUBLE K 

XMMINESAL 

(TABLE  9) 

TOTAL 
aOLDBUK 

SOLUBUK 
WOJJKD 

OAIX(+)0B 

ion  (-)of 
•ounuK 

fW. 

M§M. 

^W'f  ^W« 

MtCH. 

flMfM. 

MC". 

1 

Orthoclase 

9.16 

ISO 

1.1 

151.1 

144.6 

-  6.5 

2 

Orthoclase 

9.16 

300 

1.1 

301.1 

290.2 

-10.9 

3 

Orthoclase 

9.16 

5 

1.1 

6.1 

6.4 

+  0.3 

4 

Microdine 

8.906 

150 

1.0 

151.0 

139.7 

-11.3 

5 

Leudte 

10.54 

150 

4.5 

154.5 

140.3 

-14.2 

6 

Alunite 

12.02 

150 

1.3 

151.3 

143.6 

-  7.7 

7 

Lepidolite 

11.12 

150 

7.0 

157.0 

137.1 

-19.9 

8 

Lepidolite 

11.12 

225 

7.0 

232.0 

210.1 

-21.9 

chemical  reaction  with  the  mineral,  possibly  a  replacement  of  lithium  by 
potassium. 

The  disappearance  of  potassium  from  solution  in  this  experiment  can  be 
accounted  for  in  only  two  ways.  Either  the  potassium  of  the  organic  matter, 
upon  decomposition  of  the  latter,  is  in  part  converted  into  insoluble  forms,  or 
it  is  absorbed  by  the  mineral.  In  the  case  of  the  initial  extractions,  the  dis- 
appearance of  soluble  potassium  can  be  accounted  for  only  by  absorption  by 
the  minerals  (see  table  8). 

To  verify  this  point  the  following  experiment  was  carried  out.  Portions  of 
each  of  the  minerals  equivalent  to  1  gm.  of  potassium  were  weighed  out,  definite 
amounts  of  soluble  potassium  added  as  KCl  from  an  accurately  made  standard 
solution  and  made  up  to  a  volimie  such  that  the  proportion  of  mineral  to  water 
was  the  same  as  in  the  extractions  of  experiment  m.  These  were  shaken  5 
hours  and  allowed  to  stand  36  hours.  Suitable  aliquots  of  these  extractions 
were  then  analyzed. 

The  results  of  this  experiment  are  presented  in  table  11. 
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The  results  of  this  experiment  furnish  ample  verification  of  the  statements 
made  above.  The  minerals  have  absorbed  potassium  in  every  case,  except 
where  the  very  small  amount  of  potassium  was  added  in  no.  3.  The  amounts 
may  fairly  be  compared  with  those  in  the  upper  row,  a,  of  no.  11,  table  10. 
Absorption  by  the  mineral  thus  accoimts  for  a  large  part  of  the  potassium 
which  disappeared  from  solution — more  than  half  except  for  orthodase  and 
alunite. 

Experiment  IV.  AvailabUUy  of  Potassium  in  Sandy  Soils 

In  another  part  of  this  paper  certain  sandy  soils  of  Illinois  containing  a  large 
amount  of  potassium  were  mentioned  as  being  similar  to  peat  soils  in  one  re- 
spect, i.e.,  in  that  they  are  deficient  in  available  potassium.  Experiment  IV 
was  undertaken  in  order  to  determine  the  reason  for  the  low  availability  of  the 
potassium  in  such  soils.  The  cultural  treatments  consist  of  (a)  whole  sand  as 
the  cultural  mediimi,  (b)  coarse  separates  (sands)  and  (c)  a  mixture  of  the 

TABLE  12 
Total  and  water-soluble  K  in  the  different  separates  of  sandy  soil 


8UB8TANCB  ANALYIKD 


Whole  sand,  unground 

Coarse  separates,  100-mesh 
Fine  separates 


TOTALS 


Ptfcenl^ 

1.03 
1.01 
1.59 


WATXK-SOLUBLB  K 
PES  100  OM.  SOIL 


MfW. 

3.5 

5.9 

39.8 


*  Samples  ground  to  impalpable  powder  for  total  potassium  determination. 

coarse  separates  and  the  same  finely  groimd.  Each  jar  receives  a  complete 
nutrient  solution  minus  potassium.^ 

The  whole  sand  and  coarse  and  fine  separates  were  examined  in  the  labora- 
tory as  follows.  A  mechanical  analysis  showed  that  the  sandy  soil  used  con- 
tained 96.7  per  cent  of  coarse  separates  (sands)  and  3.3  per  cent  of  fine  sepa- 
rates (silt  plus  clay).  Separations  were  made  by  sedimentation  in  distilled 
water.  Determinations  were  made  in  the  three  materials  of  total  potassium 
and  also  of  water-soluble  potassium.  The  latter  was  determined  as  in  the 
preceding  experiments  by  shaking  together  100  gm.  of  soil  and  1500  cc.  of  dis- 
tilled water,  potassium  being  determined  in  an  aliquot  of  the  extract.  The 
results  are  given  in  table  12. 

In  view  of  the  fact  that  the  coarse  separates  were  obtained  by  sedimenta- 
tion in  water,  no  water-soluble  determination  was  made  on  this  fraction,  un- 
ground. The  large  volume  of  water  necessary  to  wash  out  all  the  silt  and  clay 
from  the  sand  (approximately  100  liters  for  the  100  gm.  of  silt  and  clay  used 
in  the  extraction  above)  would  wash  out  all  soluble  potassium,  which  would 
remain  in  the  silt  and  clay  on  evaporation. 

^  The  crop  is  not  yet  harvested. 
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The  high  absorbmg  power  of  the  fine  separates  is  here  illustrated.  The  3.5 
mgm.  of  potassium  soluble  in  the  whole  sand,  when  concentrated  in  the  fine 
separates  is  not  extracted,  the  fine  separates  from  100  gm.  of  sand  3delding  to 
extraction  only  1.31  mgm.  of  potassium.  Grinding  the  coarse  separates  liber- 
ates some  potassium,  but  not  enough  to  be  of  any  practical  value.  The  grind- 
ing of  1  ton  of  coarse  separates  to  100-mesh  size  and  down  would  produce, 
according  to  the  figures  in  table  12,  0.114  pound  of  soluble  potassium. 

The  relatively  small  surface  of  the  coarse  particles  of  sandy  soils  of  the  type 
used  in  this  experiment  readily  accounts  for  the  low  availability  of  the  potas- 
sium in  these  soils  (29). 

V.   SUMMARY 

1.  The  use  of  finely-ground  potassium-bearing  minerals  increases  the  yield 
of  buckwheat  in  peat  soil  21  to  34.8  per  cent. 

2.  Lepidolite  is  detrimental  to  the  growth  of  buckwheat,  especially  if  pres- 
ent in  large  amounts. 

3.  The  addition  of  crop  residues,  manure,  or  soluble  sodium  or  magnesium 
salts  to  peat  soil,  together  with  the  minerals  used  in  this  experiment,  does  not 
increase  the  yield  of  crop  or  the  availability  of  the  mineral  potassium. 

4.  The  so-called  "feeding  power"  of  the  plant  itself,  through  the  activities 
of  the  root  system,  is  an  important  factor  in  the  utilization  of  relatively 
insoluble  potassium. 

5.  The  solubility  of  the  minerals  used,  as  determined  by  extraction  with 
water,  is  very  low,  except  that  of  lepidolite.  The  solubility  is  increased  by 
ammonium  chloride  and  also  by  the  decomposition  of  alfalfa.  The  result  in 
the  latter  case  may  be  due  to  ammonification  of  the  nitrogenous  compounds 
in  the  alfalfa. 

6.  All  the  minerals  used  have  the  ability  to  absorb  considerable  amounts  of 
potassium  from  solution.  The  absorption  is  probably  physical  to  a  large 
extent. 

7.  The  low  availability  of  the  potassium  of  dune  sand  is  due  to  the  fact 
that  most  of  the  potassium  is  contained  in  the  larger  particles.  The  relatively 
small  surface  of  the  particles  is  suflScient  explanation  of  the  low  solubility  of 
the  potassium  contained  in  them. 

8.  The  increase  in  solubility  of  the  potassium  in  such  sands  produced  by 
grinding  is  not  sufficient  to  be  of  practical  value. 

9.  The  results  of  the  crop  culture  work  should  not  be  taken  as  conclusive. 
They  should  be  verified  by  repetition  for  several  seasons  with  various  other 
farm  crops. 
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In  Studies  of  the  water  requirement  of  soils  under  irrigation,  both  for  land 
being  irrigated  and  for  land  for  which  the  construction  of  irrigation  systems  is 
contemplated,  some  criterion  which  will  furnish  an  index  of  the  soil  moisture 
properties  is  needed.  Mechanical  analyses  of  the  soil  are  expensive  to  make 
and  the  results,  given  in  the  seven  grades  of  soil  particles,  do  not  lend  them- 
selves to  ready  comparison  except  by  general  soil  classes.  A  criterion  is 
needed  which  can  be  expressed  as  a  single  factor  and  which  can  be  determined 
fairly  readily  at  small  expense.  The  moisture  equivalent  as  suggested  by 
Briggs  and  McLane  is  intended  to  be  such  an  index  of  the  soil  moisture 
properties. 

Comparisons  of  the  moisture  equivalent  with  other  soil  properties  have  been 
made,  usually  imder  laboratory  conditions.  The  following  discussion  is  a  com- 
parison of  the  moisture  equivalent  with  the  critical  moisture  points  of  soils 
under  the  actual  field  conditions  of  irrigation  practice,  and  is  based  on  data 
secured  by  the  author  in  the  course  of  various  field  investigations  of  the  water 
requirements  of  different  soils  and  their  irrigation  practice.  This  work  was 
done  partly  while  the  writer  was  in  the  employ  of  the  Irrigation  Investigations 
of  the  United  States  Department  of  Agriculture,  but  more  largely  in  connec- 
tion with  his  general  engineering  practice.  In  all  cases,  the  determinations 
of  the  moisture  equivalents  have  been  made  by  the  Division  of  Soil  Tech- 
nology of  the  University  of  California  under  the  direction  of  Prof.  C.  F. 
Shaw. 

The  general  field  method  has  been  to  take  soil  moisture  samples  before  and 
after  irrigation  in  order  to  determine  the  amount  of  water  retained  by  the  soils. 
Notes  on  the  soil  and  crop  conditions  were  secured  and  special  samples  at  wilt- 
ing taken  when  feasible.  The  main  purpose  of  the  field  work  was  the  study  of 
the  water  requirements  of  the  soils  under  irrigation  practice.  The  comparison 
discussed  here  was  incidental  to  this  main  purpose,  so  that  in  many  cases 
samples  representing  only  a  part  of  the  moisture  properties  of  a  particular 
soil  were  secured. 

The  data  given  were  secured  from  a  wide  range  of  soils  under  varying  con- 
ditions of  practice.    In  1913  and  1914,  about  7000  individual  moisture  deter- 
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minations  from  44  fields  with  9  moisture  equivalents  of  t>pical  soils  were 
secured,  near  Billings,  Montana.  In  1915  about  700  individual  soil  moisture 
samples  and  14  moisture-equivalent  determinations  were  secured  during  a 
study  of  sandy  soils  on  the  Minidoka  project  in  Idaho.  The  field  work  in 
these  two  investigations  was  done  by  the  author  for  the  United  States 
Department  of  Agriculture.  In  1917  about  1000  moisture  and  54  moisture- 
equivalent  determinations  were  seciured  in  a  study  of  a  wide  variety  of  soils 
on  the  Sunnyside  project  in  Washington.  In  1917  also  about  450  soil-moisture 
and  50  moisture-equivalent  samples  were  secured  from  irrigated  lands  near 
Reno,  Nevada.  In  addition  less  extensive  results  were  secured  in  1918  on 
soils  near  Los  Molinos,  California  and  the  results  obtained  by  Israelsen  (1) 
for  soils  in  the  Sacramento  Valley,  California,  were  used.  The  results  dis- 
cussed cover  a  total  of  136  determinations  of  moisture  equivalents  varying  in 
numerical  value  from  4.1  to  37.6. 

Comparisons  of  four  moisture  conditions  are  made  both  for  the  surface  foot 
of  soil  and  for  the  average  of  the  upper  5  feet  of  soil.  These  are  the  maximum 
field  capacity,  the  normal  field  capacity,  the  usual  moisture  before  irrigation 
and  the  wilting  of  the  crop.  The  maximum  field  capacity  applies  to  soils 
shortly  after  irrigation  before  the  moisture  distribution  is  complete  or  to  soils 
where  downward  percolation  is  retarded  by  heavier  soil  strata.  It  does  not 
cover  soil  saturation  but  represents  a  higher  moisture  content  than  would  be 
secured  under  normal  conditions.  The  normal  field  capacity  would  apply 
to  soils  of  uniform  character  at  from  1  to  3  days  after  irrigation  when  moisture 
distribution  had  become  fairly  complete,  although  both  evaporation  from  the 
soil  and  deep  percolation  may  be  continuing  but  at  a  lessened  rate.  The 
usual  moisture  before  irrigation  represents  the  minimum  moisture  under 
good  practice  where  irrigation  would  be  given  just  ahead  of  the  actual  needs 
of  the  crops.  The  wilting  of  the  crop  represents  actual  injury,  practically  the 
minimum  to  which  moisture  may  be  reduced. 

In  assembling  the  observations  the  soil  moisture  results  were  expressed  in 
terms  of  the  percentage  of  the  moisture  equiN-alent.  The  moisture  equi\-alents 
were  grouped  by  variations  of  2.5  per  cent.  In  the  figures  given  the  indi- 
N-idual  results  are  plotted  and  also  the  mean  result  for  each  group,  the  num- 
bers with  the  means  indicating  the  number  of  observations  included  in  the 
mean.  As  all  four  soil-moisture  points  were  not  determined  for  the  larger 
proportion  of  the  indi^ndual  soils,  the  number  of  points  in  the  means  is  less 
than  the  total  number  of  moisture-equiN^ent  determinations  in  each  group. 
This  is  particularly  true  for  the  means  for  the  5-foot  depths  of  sofl,  as  many 
soils  included  in  the  field  work  were  of  shaUow  depth  or  ^'ariabIe  subsoil 
which  pre\'ented  seciiring  means  for  the  full  5  feet. 

In  figure  1  the  relation  of  soil  moisting  in  the  surface  foot  under  field  con- 
ditions to  the  moistiire  equivalent  is  given  for  the  four  moisture  points.  In 
order  to  indicate  the  ^'ariation  of  the  indi^ndual  results  broken  lines  are  drawn 
which  represent  10  per  cent  variation  from  the  mean  curves.    The  greater 
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proportion  of  the  observations  fall  within  10  per  cent  of  the  mean.  The 
general  relationships  appears  to  be  fairly  consistent. 

The  variations  of  individual  results  may  be  due  either  to  a  lack  of  consist- 
ency of  the  moisture  equivalent  as  an  index  of  moisture  properties  or  to  a 
lack  of  accuracy  in  the  selection  of  soil  moisture  samples  representing  the 
critical  moisture  points  given.  In  the  author's  opinion,  the  latter  source  of 
error  is  the  more  probable  one.  The  moisture  condition  at  which  a  soil  needs 
irrigation  is  not  an  exact  one,  particularly  when  the  surface  foot  only  is  con- 
sidered. It  will  vary  for  a  given  soil  with  the  character  of  crop  and  its  state 
of  growth  and  with  the  moisture  and  soil  conditions  in  the  subsoil.  Wilting 
is  also  a  progressive  process  and  the  point  at  which  the  crop  will  fail  to  revive 
is  difficult  of  actual  determination.  After  irrigation,  soil  evaporation  wiD 
continue  at  diminishing  rates  over  several  days,  deep  percolation  may  also 
continue  for  a  considerable  period.  During  this  time  the  crop  is  with- 
drawing moisture  for  its  use  so  that  there  is  no  definite  point  at  which  soil 
moisture  samples  can  be  expected  to  give  the  exact  amount  of  moisture  avail- 
able for  crop  use. 

It  is  thought  that  the  results  as  plotted  in  figure  1  indicate  as  consistent 
a  relationship  between  the  moisture  equivalent  and  the  soil  moisture  under 
field  conditions  as  is  to  be  ei^ected  under  the  circimistances  under  which  the 
observations  were  made.  The  purpose  of  the  comparison  was  to  determine 
whether  such  a  general  relationship  exists  rather  than  to  express  the  rela- 
tionship in  definite  numerical  terms,  and  any  specific  nmnerical  deductions 
from  these  curves,  such  as  those  given  later  in  this  discussion,  should  be  con- 
sidered as  suggestive  only  and  as  subject  to  modification  as  additional  nimieri- 
cal  data  may  become  available.  i 

In  figure  2  curves  similar  to  those  in  figure  1  are  given,  except  that  the  com- 
parison is  based  on  the  mean  moisture  in  the  upper  5  feet  of  soil.  The  num- 
ber of  points  available  was  less  than  of  those  used  in  figure  1  and  the  resulting 
mean  curves  are  in  consequence  less  definite  in  both  their  general  form  and 
their  actual  location  than  those  for  figure  1. 

The  curves  given  indicate  that  the  relationship  between  field  moisture  prop- 
erties and  the  moisture  equivalent  is  not  a  linear  one  except  possibly  for  con- 
ditions approaching  wilting.    Briggs  and  McLane  have  derived  the  formula 

Wilting  coefficient  =  moisture  equivalent  -r-  1.84, 

This  formula  was  based  on  experiments  where  the  plants  were  grown  in 
limited  volumes  of  soil  rather  than  under  normal  field  conditions.  The  above 
formula  is  equivalent  to  the  wilting  coefficient  equalling  54.4  per  cent  of  the 
moistmre  equivalent.  The  results  given  on  figures  1  and  2  indicate  that,  at 
least  under  field  conditions,  the  crops  can  reduce  the  soil  moisture  of  both 
the  surface  foot  and  of  the  mean  for  the  upper  5  feet  below  this  amount. 
The  mean  of  all  observations  on  wilting  for  the  surface  foot  of  soil  is  about  40 
per  cent  of  the  moisture  equivalent. 
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Similarly  Briggs  and  McLane  have  given  the  equation 

Moisture-holding  capacity  =  moisture  equivaletU  X  1.57  +  21. 

The  moisture-holdin|  capacity  used  in  this  formula  is  based  on  the  Hilgard 
short-tube  method  and  exceeds  the  moisture  capacity  under  field  conditions 
of  soils  free  to  drain.  In  no  case  does  the  maximum  field  capacity  reach  the 
amount  indicated  by  this  formula. 
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Fig.  3.  Reution  of  Pek  Cent  of  Total  Moistuke  m  Sukface  Foot  of  Son.  Umax 
Field  CoNDmoNS  and  Moistube  EgnrvALENTs 

In  figures  3  and  4  the  mean  curves  of  figures  1  and  2  are  redrawn,  the  per* 
cent  of  soil  moisture  being  used  directly  instead  of  as  a  percentage  of  the 
moisture  equivalent.  These  curves  indicate  the  percent^es  of  soil  moisture 
on  the  oven-dry  basis  at  the  different  critical-moisture  points. 
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In  figures  5  and  6  the  curves  of  figures  3  and  4  are  used  to  give  the  water 
added  by  usual  irrigations.  In  figure  5  is  plotted  the  difference  in  moisture 
before  and  after  irrigation  as  shown  for  usual  practice  on  figures  3  and  4. 
This  shows  the  largest  moisture  capacity  for  5  feet  of  soil  in  soils  of  medium 
texture.  The  coarse  soils  having  a  low  moisture  equivalent  have  a  rela- 
tively small  moisture-holding  capacity.    The  heavy  soils  while  having  a 
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Fio.  4.  Relation  of  Pes  Cent  or  Total  Moistuxe  in  Uppek  5  Fekt  or  Son.  Undkk 
Field  Conditions  and  Moistuse  Equivalents 


rdatively  large  moisture-holding  capacity,  are  not  able  to  utilize  this  capac- 
ity to  the  5-foot  depth,  because  of  the  difficulty  in  getting  full  penetration. 
Hiis  difficulty  in  getting  full  penetration  does  not  affect  the  surface  foot,  and 
the  per  cent  of  moisture  added  from  an  irrigation  continues  to  increase  with 
an  increase  in  the  moisture  equivalent. 
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ditions AND  THE  MOISTUSE  EQUIVALENTS 

Fic.  6,  RsLAnoN  OF  Equivalent  Inches  Depth  of  Wates  Retained  peb  Foot  Depth 
OF  Soil  fkou  an  IssicAnoN  and  tee  Moisture  Eqdi\'alent 
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In  figure  6  the  curves  shown  are  similar  to  those  in  figure  5,  the  vertical 
ordinates  in  figpre  6  being  equivalent  inches  depth  of  water  per  foot  depth  o£ 
soil  instead  of  soil  moisture  percentages  as  in  figure  5.  The  general  soil 
weights  by  which  figure  5  is  converted  to  figure  6  are  shown  at  the  top  of  the 
figure. 

In  addition  the  general  soil  types  corresponding  to  the  different  values  of 
the  moistiu-e  equivalent  have  been  written  between  figures  5  and  6  for  con- 
venience in  reference. 

In  considering  figures  3  to  6  the  same  statements  regarding  numerical 
accuracy  will,  of  course,  apply  as  were  made  regarding  figures  1  and  2  from 
which  they  are  derived.  Caution  should  be  used  in  applying  figures  5  and  6, 
as  further  data  will  probably  change  the  location  of  these  curves.  The  general 
form  of  these  curves  is  in  agreement  with  general  observations  imder  field 
conditions  and,  in  the  author's  opinion,  they  represent  the  nature  of  the 
relation  of  the  moisture  capacity  of  soils  imder  field  conditions  to  the  soil 
texture.  Further  investigations  might  change  the  numerical  values  of  points 
on  such  curves  rather  than  their  general  form. 

The  form  of  the  curves  shown  in  figure  6  is  in  accord  with  general  conditions 
of  irrigation  practice.  Coarse  soils,  such  as  those  having  moisture  equiva- 
lents of  less  than  10,  are  able  to  retain  only  limited  amounts  of  water  and 
consequently  even  where  of  good  depth  require  frequent  irrigations.  In 
order  to  prevent  excessive  deep  percolation  losses  on  such  soils  the  methods  of 
irrigation  must  be  adapted  to  covering  them  quickly  so  that  the  amoimt 
absorbed  will  not  materially  exceed  the  depth  of  water  they  are  able  to  retain. 
On  such  types  frequent  irrigations  are  usually  required,  alfalfa  generally 
receiving  from  two  to  three  irrigations  per  cutting. 

Soils  having  moisture  equivalents  of  from  IS  to  18  where  of  good  depth  are 
the  most  favorable  of  any  in  their  moisture  properties  imder  irrigation.  These 
combine  a  large  moisture-storing  capacity  with  a  rate  of  absorption  which 
permits  them  to  be  irrigated  by  such  methods  as  will  enable  the  moisture 
capacity  to  be  utilized  without  excessive  deep  percolation  losses.  Such  soils 
wDl  usually  carry  alfalfa  on  one  irrigation  per  cutting.  Where  properly 
handled  very  good  economy  in  the  utilization  of  irrigation  supplies  can  be 
secured  on  these  soils;  where  not  properly  prepared  or  where  the  water  is 
not  caref\illy  handled  they  are  sufficiently  light  to  permit  large  percolation 
losses  with  consequent  low  efficiency  in  the  application  of  water. 

The  heavy  soils  absorb  water  so  slowly  that  it  is  usually  not  practicable  to 
utilize  the  moistiu*e  capacity  to  the  S-f oot  depth  without  permitting  the  water 
to  run  sufficiently  long  so  that  other  injuries  such  as  scalding  of  the  crop  will 
occur.  Frequently  on  such  soils  the  moisture  penetration  will  not  exceed  2 
feet  in  depth,  with  the  result  that  frequent  light  applications  must  be  made. 
This  condition  may  cause  a  lower  efficiency  in  the  use  of  water  and  of  the 
labor  of  its  application  than  on  soils  of  somewhat  lighter  texture. 
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The  data  presented,  while  subject  to  the  limitations  of  extent  and  of  accu- 
racy covered  in  the  above  discussion,  are  thought  to  warrant  the  following 
general  conclusions.  All  conclusions  are  limited  in  their  application  to  field 
conditions  under  actual  irrigation  practice. 

1.  There  is  a  fairly  consistent  relationship  between  the  moisture  equivalent 
and  the  various  moisture  properties  of  soils,  which  appears  to  o£Fer  promise  of 
usefulness  in  determining  moisture  properties  and  probable  irrigation  prac- 
tice of  soils  whose  irrigation  is  contemplated,  particularly  as  to  the  probable 
depth  of  water  which  will  be  retained  from  an  irrigation  with  its  efiFect  on 
the  depth  to  be  applied  and  the  necessary  frequency  of  application. 

2.  The  data  presented,  while  indicating  the  general  nature  of  the  relation- 
ship of  soil  moisture  capacity  and  soil  texture,  are  not  sufficient  to  fix  the 
numerical  values  of  such  relationships  except  in  a  very  general  way. 

3.  The  relationship  of  the  soil-moisture  properties  to  the  moisture  equiva- 
lent does  not  appear  to  be  linear  except  in  the  case  of  the  wilting  of  the  crop. 

4.  The  maximum  depth  of  water  per  foot  depth  of  soil  which  can  be  re- 
tained imder  favorable  conditions  for  the  upper  5  feet  of  soil  is  about  1.25 
inches,  which  indicates  that  depths  of  single  irrigation  in  excess  of  6  to  8 
inches,  even  imder  favorable  soil  conditions,  will  not  be  retained  in  the  upper 
five  or  six  feet  of  soil.  This  conclusion  is  in  accord  with  the  results  of  general 
field  observations  from  many  sources. 
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INTRODUCTION 

It  is  well  known  that  the  continuous  use  of  ammonium  sulfate  produces 
an  acid  condition  in  the  soil,  whereas  nitrate  of  soda  tends  toward  the  produc- 
tion of  an  alkaline  condition. 

The  former  salt  is  referred  to  as  a  physiologically  acid  salt  while  the  latter 
is  physiologically  alkaline.  These  two  terms  are  significant  phrases;  Ae  first 
indicates,  for  example,  that  ammonium  sulfate  is  active  in  producing  a  con- 
dition in  the  soil  which  a£Fects  the  plant  from  a  physiological  standpoint  in 
much  the  same  manner  as  does  an  acid. 

An  acid  condition  in  soils  is  comparable  to  the  condition  of  acidosis  in  the 
animal  organism,  and  reflects  a  change  in  the  position  of  equilibrium  between 
adds  and  bases.  A  study  of  this  relation  of  acids  to  bases  should  be  of  value 
in  determining  the  cause  of  this  acid  condition  resulting  from  the  use  of 
ammonium  sulfate. 

Perhaps  the  more  reasonable  theory  has  been  that  soil  acidity  resulting 
from  the  use  of  ammonium  sulfate  has  been  due  to  the  relatively  more  exten- 
sive removal  of  the  cation,  which  first  undergoes  nitrification,  and  then 
possible  absorption  by  the  plant.  This  leaves  an  excess  of  acid  due  to  the 
sulfate  radical;  and,  in  case  the  NOs  radical  has  not  been  removed  by  the 
plant,  two  acid  radicals  result. 

These  acid  radicals  react  with  bases,  such  as  calcium  and  magnesium  car- 
bonates. These  carbonates,  which  may  be  thought  of  as  "buflfer  salts"  or 
stabilizers  of  the  soil  reaction,  may  soon  be  inadequate  to  fimction  in  that 
capacity;  they  will  have  been  neutralized  by  the  sulfate  or  nitrate  radical 
and  the  product  either  slowly  leached  away  or  retained  in  the  soil  as  inactive 
constituents.  This  leaves  the  weaker  bases,  such  as  iron  and  aluminum,  to 
act  as  preservers  of  neutrality  of  the  soil  solution.  The  salts  of  these  are 
easily  hydrolized  and  give  rise  to  an  acid  condition.  Inasmuch  as  the  bases 
which  are  active  in  this  reaction  may  be  considered  to  be  calcium,  magnesium, 
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iron  and  aluminum,  these  are  the  ones  upon  which  most  of  this  work  is 
centered. 

The  literature  on  this  subject  has  been  reviewed  so  frequently  that  a  repe- 
tition does  not  seem  necessary.  It  appears  more  direct  to  present  the  ex- 
perimental data  secured,  with  such  brief  references  to  the  literature  as  bear 
directly  upon  the  problem. 

SOILS 

The  soils  on  which  this  work  was  done  were  sampled  in  June,  1916,  to 
the  depth  of  7  to  8  inches  from  permanent  Rhode  Island  plats,  which  for  the 
past  twenty-five  years  have  had  like  treatinent,  except  that  one  series  has 
been  supplied  with  nitrogen  in  nitrate  of  soda  while  the  other  has  received  its 
supply  in  ammonium  sulfate.  The  same  comparison  has  existed  with  and 
without  the  addition  of  lime. 

THE  BASE  AND  ACID  RETENTION  OF  THE  SOIL 

The  "lime  requirement"  of  these  soils  as  indicated  by  the  Veitch  (12,  p. 
661)  and  ammonia  (9)  methods  was  as  follows: 


PLAT 
NUMBXE 


23 
25 
27 
29 


TUEATMXNT 


Unlimed,  (NHOtSOi. 
Limed,  (NHOtSOi. . . 
Unlimed,  NaNQj... 
Limed,  NaNd 


CaO 


2,000,000 


Veitch  method 


lbs. 

8,700 
5,800 
8,100 
4,800 


6,900 
5,200 
5,500 
3,700 


References  (5),  (6),  (7)  and  (8)  of  other  papers  from  the  Rhode  Island 
Station  will  serve  to  extend  the  reader's  acquaintance  with  the  plats  which 
are  now  again  under  consideration. 

Although  judging  from  the  amount  of  ammonia  retained  by  the  soil  from 
plat  29  after  being  brought  to  dryness  over  a  hot-water  bath,  its  lime  require- 
ment is  3700  pounds;  yet  a  maximum  growth  of  lettuce,  a  plant  which  is  very 
sensitive  to  soil  acidity,  was  obtained  when  the  lime  requirement  had  been 
reduced  by  liming  only  to  2800  pounds.  It  would  appear,  therefore,  that  for 
practical  indications  of  the  need  for  lime,  too  much  ammonia  was  retained 
by  the  soil  from  plat  29.  It  is  doubtful  if  any  considerable  amoimt  was 
retained  physically,  for  carbon  black  failed  to  exercise  such  retention  under 
the  conditions  of  the  method. 

The  presence  in  the  soil  not  only  of  acidic  constituents  but  also  of  con- 
siderable amoimts  of  basic  iron  and  aluminum  compoimds  suggested  that 
the  retention  of  acids  might  also  be  of  importance.    It  was  recognized  that 
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these  basic  compounds  are  quite  insoluble  and  inactive,  and  that  if  any 
combination  were  formed  with  a  volatile  acid,  it  would  be  quite  unstable. 
No  surprise  was  occasioned,  therefore,  when  it  was  foimd  that  acetic  acid 
was  not  retained  imder  the  following  conditions:  To  25  gm.  of  soil  from 
plat  23  were  added  75  cc.  of  normal  acetic  add  and  the  mixture  digested 
at  35  to  40^C.  for  1}  hours,  after  which  distillation  was  carried  out  under 
reduced  pressure  at  82  to  90®C.  until  dryness  was  nearly  attained,  when  50  cc. 
of  water  was  added  and  the  process  repeated. 

When  a  non-volatile  acid,  however,  was  added  the  results  were  different, 
as  shown  by  the  following  method:  10-gm.  lots  of  soil  were  treated  with  25, 
50,  75  and  100  cc,  respectively,  of  0.2iV^  H»P04  and  agitated  for  70  hours. 
After  this  the  solutions  were  made  up  to  200  cc,  filtered  o£F,  and  aliquots 
titrated  with  KOH  and  phenolphthalein.  The  maximum  absorption  by 
soils  from  plats  23  and  29  was  foimd  to  be  about  alike  and  eqmvalent  to 
21,500  pounds  of  phosphoric  oxide  per  2,000,000  pounds  of  soil. 

The  foregoing  demonstrates  what  a  large  basic  effect  the  soil  may  exert 
under  laboratory  conditions.  It  must  be  recognized  that  even  imder  certain 
natural  conditions  these  basic  compoimds  have  some  effect  in  coimteracting 
acidic  compoimds,  and  to  that  extent  any  method  of  determining  lime  re- 
quirements which  prevents  the  basic  materials  from  exerting  any  effect  is 
liable  to  overestimate  the  practical  needs,  as  has  already  been  shown  to 
be  the  case  with  the  growth  of  lettuce  in  relation  to  determinations  of  lime 
requirement  by  the  use  of  ammonium  hydroxide  or  calcium  hydroxide,  both 
of  which  substances  would  prevent  all  opportunity  for  the  basic  material  in 
the  soil  to  enter  into  the  reaction. 

It  was  shown  by  the  following  that  a  neutral  salt  may  modify  materially 
the  lime  requirements  as  determined  by  the  ammonia  method.  A  0.07N 
solution  with  a  pH  of  7  by  the  S5rensen  method  was  prepared  by  mixing 
mono-  and  di-ammonium  phosphate.  Before  making  the  determination  of 
lime  requirements  as  usual  by  the  ammonia  method,  10  cc.  of  the  phosphate 
solution  were  triturated  lightly  and  occasionally  with  the  soil  by  means  of  a 
pestle  for  an  hour.  The  average  depression  in  ammonia  retention,  caused 
by  the  addition  of  the  ammonium  phosphate,  was  27  per  cent,  the  variation 
with  the  four  soils  not  being  very  marked.  It  is  practically  the  mono- 
ammonium  phosphate  which  is  stable  imder  the  conditions  of  the  method. 

EXCHANGE  OF  BASES 

One  himdred  and  fifty  grams  of  soil  were  shaken  by  inverting  ten  times 
at  each  interval  of  15  minutes  for  a  period  of  3  hours  with  500  cc.  of  a  solu- 
tion of  normal  KCl.    These  mixtures  stood  over  night  and  were  then  filtered. 

The  reaction  of  the  solutions  was  as  follows: 
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Ptat 

Unlimed,  (NHJjSOi. Add  to  methyl  orange 

Limed,  OmdSOi Slightiy  add  to  methyl  red 

Unlimed,  NaNQ, SJi^tiy  add  to  methyl  red 

Limed,  NaNd Neutral  to  neatnl  red 

By  titration  of  50  cc.  (equivalent  to  15  gm.  of  soil)  with  phenolphthalein  as 
indicator,  the  following  was  obtained: 


PLAT 


XMD  PODiT  O.OIN  NaOH 


Hot 


Unlimed,  (NHi)tS04. 
Limed,  (NH4)sS04. . . 
Unlimed,  NaNOb... 
Luned,  NaN(V  .... 


24.1 
3.0 
5.4 
0.8 


During  the  titration  of  the  extract  from  the  unlimed  sulfate  of  ammonia 
plat,  a  precipitate  formed  which  resembled  aluminum  hydroxide.  Ammon- 
ium hydroxide  was  added  to  an  aliquot  of  the  extract  from  each  of  the  soils, 
but  the  precipitate  formed  only  in  the  above-mentioned  case.  This  precq>i- 
tate  was  ignited  and  weighed.  In  an  aliquot  equivalent  to  90  gm.  of  soil 
the  weight  of  the  precipitate  was  0.0063  gm.  If  the  acid  condition  revealed 
by  titration  with  sodium  hydroxide  is  attributed  to  the  acidity  of  a  h3rdro- 
lyzed  aluminum  salt,  and  the  weight  of  aluminum  oxide  is  calculated  equiva- 
lent to  the  sodium  hydroxide  used  in  the  titration,  we  obtain,  in  an  aliquot 
equi\'alent  to  90  gm.,  a  weight  of  0.0066  gm.  The  weight  obtained  by  direct 
precipitation  and  weighing  was,  as  indicated  above,  0.0063  gm.  On  this 
assumption  practically  all  the  titrated  acidity  may  be  accoxmted  for  as  due 
to  hydrolysis  of  an  aluminum  salt.  G.  Daikuhara  (3)  has  demonstrated 
that  in  certain  Japanese  soils  the  acidity  is  proportional  to  the  amount  of 
aluminum  present. 

The  analvses  of  the  solutions  follow: 


Bases  br^u^hi  into  soiuium  from  90  gm.  of  soil  by  KCl 


PIAT 


Unlimed,  (SH^^^SCk. 
limed,  cXH4^,SO.. . . 
Unlimed,  XaXO^. . . 
Limed.  XaXQi. 


AkOi 

C»0 

MgO 

gm. 

gm. 

gm. 

0.0063 

00296 

0.0026 

0.0666 

00113 

0.0593 

0.0028 

0.1030 

0.0187 

TOXA& 


or 


Of 


CiiO 


gm, 

0.0126 
0.0780 
0.0421 
0.1217 
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An  exchange  of  base  takes  place  when  the  four  soils  are  treated  with  a 
solution  of  neutral  potassium  chloride.  Potassium  replaces  calcium  and  mag- 
nesium from  the  limed  plats  while  in  the  imlimed  plat  receiving  ammonium 
sulfate,  aluminum  also  is  replaced.  Considerable  sulfur  was  present  also  in 
the  latter  instance.  Ruprecht  and  Morse  (11)  report  a  similar  exchange 
resulting  from  the  use  of  ammonium  sulfate. 

EXTRACTION  WITH  0.2  A^  HCl 

Two  himdred  grams  of  soil  were  digested  with  2  liters  of  0.2iV^  HCl  at  room 
temperature.  The  mixture  was  shaken  by  inverting  ten  times  every  hour 
for  the  first  8  hours.  It  was  allowed  to  remain  over  night,  filtered,  and 
washed  free  of  acid.  The  solution  was  evaporated,  silicon  hydroxide  dehy- 
drated, and  the  solution  for  analysis  made  in  hydrochloric  acid.  The  analysis 
of  this  solution  follows: 


PLAT 


Unlimed,  (NH4)tS04. 
Umed,  (NH4)>S04. . . 
Unlimed,  NaNOb. . . 
nJmed,NaNOb .... 


AbOiFeK)! 

PiOi  cnoi) 

FeiOi 
(Tibi) 

Abd 

PlOi 

CaO 

percent 
1.190 

1.232 
1.168 
1.229 

percent 

0.1515 
0.1224 
0.1120 
0.0975 

percent 

0.9882 
1.0657 
1.0041 
1.0805 

percent 

0.0503 
0.0439 
0.0519 
0.0510 

0.0125 
0.0556 
0.0212 
0.1091 

MsO 


percent 

0.0009 
0.0057 
0.0021 
0.0092 


*  Tliis  soil  was  the  only  one  giving  a  reaction  for  manganese. 

If  it  is  true  that  a  lack  of  calcium  and  magnesium  imposes  on  iron  and 
aluminum  the  responsibility  of  maintaining  the  neutrality  of  the  soil  solu- 
tion, then  on  the  unlimed  as  compared  with  the  limed  soil  there  should  exist 
a  very  different  relation  between  the  two  pairs  of  bases.  This  relation  is 
shown  by  the  following: 


VIAT 


Unlimed,  (NH«)tSO|. 
Limed,  (NH«}tSQi. . . 
Unlimed,  NaNOb. .. . 
limed,  NaNOb. 


AhOi  +  FciO 
CaO  +  MfO 


85.0 
19.4 
47.9 
10.0 


A  great  variation  does  exist.  It  is  impossible  to  estimate  the  actual  sig- 
nificance of  this  relation  but  it  harmonizes  well  with  the  belief  that  a  great 
deal  of  the  condition  referred  to  as  soil  acidity  is  due  to  the  hydrolysis  of 
salts  in  which  weak  bases,  such  as  iron  and  aluminum,  are  undertaking 
the  responsibility  preferably  assumed  by  the  stronger  bases,  caldumand 
magnesium. 
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EXTRACTION  WITH  NH4OH 

After  the  add  extraction,  the  soil  was  digested  with  2  liters  of  4  per  cent 
NH4OH  by  a  procedure  similar  to  that  employed  in  making  the  acid  extract 
A  dear  solution  was  obtained  by  re-filtering  several  times  through  the  soil 
mass  on  a  large  filter.  The  extract  was  boiled  with  ammonium  carbonate  and 
filtered.    The  following  is  the  percentage  analysis  of  this  extract. 


PLAT 


Unlimed,  (NH«)tS04. 
Limed,  (NH«)tSOi. . . 
Unlimed,NaNOb... 
Limed,  NaNQi 


FaOi 

AbOi 

PiOi 

CaO 

MgO 

Ptrcma 

PtrctiU 

fercmi 

jf^W    w^^^w 

pere€iU 

0.1366 

0.0641 

0.0857 

0.0122 

0.0007 

0.1354 

0.0900 

0.0853 

0.0086 

0.0009 

0.1571 

0.1156 

0.0984 

0.0107 

0.0009 

0.1472 

0.1356 

0.0892 

0.0142 

0.0007 

»0i 


0.0356 
0.0321 
0.0362 
0.0435 


In  the  analysis  of  this  ammonia  extract  it  appears  that  the  per  cent  d 
phosphorus  was  not  materially  different  on  the  several  plats;  this  same  obser- 
vation holds  true  with  silicon. 

It  is  interesting  to  observe  again  the  relation  between  the  stronger  and  the 
weaker  bases. 


PL4T 


Unlimed,  (NH«)sS04 
Limed,  (NH«)tSOi. . . 
Unlimed,  NaNOb. . . . 
Limed,  NaNOb 


FcMOk  +  AbOk 

QiO  +  McO 

15.5 

23.7 

23.5 

18.9 

The  relations  here  do  not  show  great  variation  as  compared  with  those 
obtained  from  the  add  extract.  Only  a  small  difference  appears  between 
the  very  add  soil  and  the  nearly  neutral  soil.  This  would  seem  to  indicate 
that  the  great  difference  existing  in  these  soils  is  not  to  be  attributed  to  an 
xmsatisfactory  relation  of  these  bases  in  mainly  organic  combination  but 
would  indicate  a  disturbance  in  their  relation  in  the  inorganic  system. 

HYDROGEN  ION  CONCENTRATION 

The  hydrogen  ion  concentration  in  case  of  these  soils  has  been  measured 
by  the  colorimetric  method'  and  found  to  be  as  follows: 


'Essentially  that  empbyed  by  Gillespie  (4)  using  the  phthalate  ''buffer"  mixtures  (1,  2) 
and  sulphonphthalein  indicators. 
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PLAT 


Unlimed,  (NHOsSQi. 
Limed,  (NH|)sSQ4. . . 
Unlimed,NaNOb... 
Limed,  NaNOb 


PH 


(HO 


4.0 

1X10-^ 

5.3 

5X10-« 

5.2 

6.3  X  10-« 

6.0 

ixio-« 

It  is  seen  that  the  concentration  of  hydrogen  ions  in  these  soils  shows 
marked  differences,  ranging  from  an  acidity  of  O.OOOliV  in  the  case  of  the 
unlimed  ammonium  sulfate  plat  to  O.OOOOOIA^  in  the  limed  sodium  nitrate 
plat,  or  a  difference  of  a  himdredfold  in  the  intensity  of  reaction. 

The  concentration  of  hydrogen  ions  indicated  by  a  pH  of  4.0  with  the 
iinlimed  sulfate  of  ammonia  plat  is  a  dose  approximation  to  the  concentra- 
tion of  hydrogen  ions  which  is  developed  by  aluminum  salts  dissociating 
through  a  wide  range  of  concentrations.  If  the  same  as  the  chloride,  alum- 
inum salts  are  about  one-third  dissociated  (10);  that  is  to  say,  in  a  solu- 
tion of  an  aluminum  salt,  the  acidity  in  terms  of  hydrogen  ions  is  not  the 
same  as  that  developed  by  a  mineral  add  of  the  same  normality,  but  is  much 
less.  Calculation  of  the  addity  of  an  aluminum  salt  based  upon  titration  is 
similar  to  that  of  a  free  add  since  the  hydrolysis  of  the  salt  proceeds  with  the 
titration. 

The  relation  of  addity  of  AlsCSOOs  in  terms  of  normality  and  of  concen- 
tration of  hydrogen  ions  is  as  follows: 


IKOtMALm 

pH 

(HO 

NORKALrrriir  tums 
o»(H0 

OAOON 
OMON 
O.QOIN 

3.4 
3.7 
4.0 

4X10-^ 
2X10-^ 
1X10-^ 

0.0004  i^ 

0.0002  i\r 
0.0001  i^ 

In  other  words,  a  hundredfold  increase  in  concentration  based  upon  nor- 
mality produces  only  a  fourfold  increase  in  concentration  of  hydrogen  ions. 

The  concentration  of  hydrogen  ions  in  the  most  add  soil  is  very  dose 
to  that  devdoped  by  these  aluminum  salts  in  solution,  and  experiment  has 
shown  that  relativdy  large  amoimts  of  these  salts  can  be  added  to  a  buffer 
solution  without  material  change  in  the  concentration  of  hydrogen  ions; 
but  the  soil  solution  is  a  buffer  solution  containing  phosphates  and  carbonates 
and  so  it  appears  that  whatever  the  concentration  of  aluminum  salts  in  the 
soil  may  be,  they  can  never  affect  the  concentration  of  hydrogen  ions  beyond 
a  certain  point,  being  held  in  check,  as  they  are,  first,  by  the  dissociation  con- 
stant; and  second,  by  the  buffer  effect  of  phosphates  and  carbonates.  This 
point  of  maximum  concentration  of  hydrogen  ions  resulting  from  this  equilib- 
rium is  believed  to  be  expressed  within  narrow  limits  by  a  pH  of  4. 
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SUMMARY 


Great  variation  in  acidity  exists  between  soils  receiving  nitrogen  in  nitrate 
of  soda  as  compared  with  those  which  receive  it  in  sulfate  of  ammonia. 

The  soil,  being  a  mixture  in  part  of  more  or  less  inactive  basic  as  well  as 
acidic  constituents,  cannot  have  its  ''acidity"  correctly  measured  by  reagents 
which  react  only  with  the  acidic  ingredients. 

Digestion  with  hydrochloric  acid  showed  that  great  variation  existed 
between  the  quotient  obtained  by  dividing  the  oxides  of  aluminum  and  iron 
by  those  of  calcium  and  magnesium.  It  ranged  from  85  in  the  case  of  the 
unlimed  soil  receiving  sulfate  of  anmionia  to  10  where  lime  and  nitrate  of 
soda  were  employed. 

A  subsequent  extract  with  anmionium  hydroxide  showed  no  great  variation 
in  this  ratio  of  weak  to  strong  bases. 

An  exchange  of  bases,  produced  by  treatment  of  the  soil  with  a  solution 
of  potassium  chloride,  showed  a  marked  degree  of  reserve  acidity  from  the 
unlimed  soil  receiving  sulfate  of  ammonia.  The  acidity,  so  developed,  showed 
a  correlation  to  the  acidity  of  an  aluminum  salt  equivalent  in  amount  to 
the  weight  of  aluminum  which  was  contained  in  the  solution  obtained  by 
shaking  with  potassium  chloride. 

In  the  acid  imlimed  soils,  iron  and  aluminum  partially  took  the  places 
occupied  by  calcium  and  magnesium  in  the  limed  soils. 

The  soil  solution  acts  as  a  buffer  solution  containing  phosphates  and 
carbonates. 

The  concentration  of  hydrogen  ions  in  the  soil  solution  from  the  unlimed 
plat  receiving  sulfate  of  ammonia  is  very  similar  to  that  produced  by  the 
addition  of  even  quite  large  amounts  of  aluminum  salts  to  buffer  solutions. 

CONCLUSIONS 

The  "acidity"  in  a  soil  caused  by  long-continued  use  of  ammoniimi  sulfate 
is  the  result  of  a  change  in  the  ratio  of  acids  to  bases.  The  position  nor- 
mally occupied  by  the  stronger  bases,  such  as  calcium  and  magnesium,  has 
been  taken  by  weaker  bases,  such  as  iron  and  aluminum.  The  neutrality 
of  the  soil  solution  can  no  longer  be  maintained  since  salts  of  these  weak 
bases  dissociate.  Free  acid  resulting  from  this  dissociation  is  accompanied 
by  a  definite  concentration  of  hydrogen  ions. 
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INTRODUCTORY 

The  soil  samples  discussed  in  this  paper  were  taken  subsequent  to  the  recon- 
noissance  soil  survey  of  Ohio,  and  although  only  a  minority  of  the  soil  t3^pes 
of  the  state  are  represented  by  the  samples  which  have  been  secured  up  to 
the  present,  the  analytical  work  projected  upon  these  has  been  completed 
and  it  seems  desirable  to  make  at  least  a  partial  report  at  this  time.  The 
relationships  existing  between  total  and  fifth  normal  nitric  acid  soluble  calcium 
and  magnesium,  carbonate  content  and  reaction  of  the  soil  in  those  cases 
where  both  virgin  and  cultivated  samples  of  the  same  soil  type  were  taken  in 
close  proximity,  have  been  considered. 

SAMPLES  STUDIED 

Samples  from  the  two  depths  0  to  7  inches  and  7  to  15  inches,  designated 
"  a  "  and  "  b, "  respectively,  in  the  system  of  laboratory  numbers,  were  prepared 
for  analysis  in  the  manner  prescribed  by  the  Association  of  Official  Agricul- 
tural Chemists  (3).  The  sampling  was  done  under  the  supervision  of  E.  R. 
Allen,  formerly  soil  technologist  at  this  station,  to  whom  we  are  indebted  for 
the  description  of  individual  soils,  and  for  other  aid. 

ANALYTICAL  METEODS 

Total  calcium  and  magnesium  were  determined  by  standard  methods 
following  a  sodium  peroxide  fusion. 

Fifth  normal  nitric-add-soluble  calcium  and  magnesium  were  determined 
in  aliquots  of  a  solution  prepared  by  digesting  220  gm.  of  the  air-dried  and 
prepared  sample  with  2200  cc.  of  nitric  acid  of  such  strength  that  the  acid  in 
contact  with  the  soil,  after  5  hours'  digestion  at  room  temperature  with 
shaking  every  half  hour,  should  be  exactly  fifth  normal  as  determined  by 
titration  of  a  boiled  and  cooled  aliquot  with  standard  sodium  hydroxide  and 
phenolphthalein  in  a  preliminary  experiment.  At  the  end  of  the  period 
prescribed,  the  solutions  were  filtered  as  rapidly  as  possible  on  large  paper 
filters. 
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Carbonate  was  determined  by  the  modified  Marr  method  (3),  titrating  the 
residual  barium  hydroxide  (5). 

The  qualitative  tests  for  reaction  were  applied  to  the  air-dried  and  prepared 
samples;  Azolitmin  (blue)  and  red  litmus  paper  were  doubled  and  pressed 
into  a  gash  cut  in  a  mass  of  the  moistened  soil  and  observed  after  one-half 
hour;  the  Veitch  test  was  conducted  exactly  as  originally  described  (8),  save 
only  that  the  extract  was  in  every  case  filtered  before  being  concentrated. 
The  details  of  the  Truog  test  were  carefully  followed  as  directed  by  the  orip- 
nator  (7).  All  these  tests  were  read  as  closely  as  possible,  and  in  cases  where 
the  indications  obtained  were  doubtful,  the  work  was  duplicated. 

SIGNIFICANCE  OF  FIFTE  NORMAL  ACID  SOLXTBLE  CALCIUM  AND  MAGNESIUM 

In  a  former  publication  (2),  the  writers  have  presented  data  indicating  that 
the  fifth  normal  nitric  add  soluble  calcium  and  magnesium  of  the  soil,  exclusive 
of  carbonates,  approximates  what  may  be  termed  the  more  active  part  of  the 
soil's  supply  of  the  basic  elements;  in  other  words,  the  portion  which  is  in 
combination  with  those  constituents  of  the  soil,  whose  residual  capacity  for 
absorption  of  a  base  (calcium)  is  indicated  with  more  or  less  exactness  by 
the  term  "lime  requirement." 

Shorey,  Fry  and  Hazen  (6)  employed  a  method  of  leaching  the  soil  with  2 
per  cent  hydrochloric  add  for  the  determination  of  that  part  of  the  soil's— 
supply  of  caldum  which  may  be  present  as  caldum  sulfate,  caldum  carbonate- 
and  in  combination  with  humus;  the  caldum  in  the  form  of  carbonate  and 
sulfate  can  be  calculated  from  other  data,  and  any  excess  is  supposed  to  repre- 
sent caldum  in  combination  with  humus. 

While  it  is  doubtless  a  fact  that  a  portion  of  the  caldum  and  magnesium, 
other  than  carbonate,  which  is  soluble  in  dilute  adds  is  connected  in  some  way 
with  the  organic  matter  of  the  soil,  the  writers  are  of  the  opinion  that  a  more 
important  part,  in  many  soils,  is  present  as  very  easily  decomposable  silicates 
or  alumino-silicates,  from  which  the  bases  are  removed  by  add  much  more 
dilute  than  2  per  cent  hydrochloric  add.  The  data  leading  to  this  belief  have 
been  discussed  (2). 

It  is  certain  that  to  assume  all  the  calcium  which  is  soluble  in  hydrochloric 
acid  of  2  per  cent  or  less  strength,  and  not  accounted  for  by  the  presence  of 
carbonate  or  sulfate,  to  be  in  combination  with  organic  matter  will  lead  to 
unexpected  results  in  some  instances.  An  example  which  may  be  dted  is  the 
Spencer  silt  loam  discussed  by  Shorey  and  his  co-workers,  the  lower  subsoil 
of  which  contains  by  far  the  largest  percentage  of  caldum  oxide  with  humus. 

Data  which  would  serve  as  a  basis  for  an  estimate  of  that  part  of  the  fifth, 
normal  nitric  add  soluble  caldum  which  is  derived  from  caldum  sulfate  in 
the  soils  discussed  in  this  paper  are  lacking.  The  omission  is  not  considered 
very  important,  for  the  following  reasons: 
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1.  Shorey  and  associates  in  no  case  found  any  considerable  quantity  of 
caldum  in  the  dilute  acid  extract  which  could  be  considered  to  be  derived 
from  calcium  sulfate;  the  maximum  amount  was  0.02  per  cent  CaO  on  the  basis 
of  the  sample,  and  in  the  majority  of  cases  only  a  trace  or  none  is  reported. 

2.  The  occurrence  of  any  considerable  amount  of  calcium  sulfate  in  a  normal 
soil  of  a  humid  region  seems  unlikely. 

3.  The  neutralizing  power  of  the  soil  was  determined  as  a  necessary  prelim- 
inary to  the  fifth  normal  nitric  acid  digestion;  the  data  thus  obtained  were  also 
found  useful  as  a  check  upon  the  accuracy  of  the  calcium  and  magnesium 
determinations  in  the  acid  extracts. 

Calcium  sulfate  could  not  affect  the  figures  for  acid  consumed,  therefore  if 
the  fifth  normal  nitric  add  soluble  caldum  was  appreciably  in  excess  of  the 
caldum  equivalency  of  the  add  neutralized,  it  could  be  attributed  to  caldum 
sulfate.  Since  no  large  difference  was  observed  in  this  respect,  it  is  evident 
that  caldum  sulfate  was  not  present  in  suffident  amoimt  to  have  any  impor- 
tant bearing  on  the  results. 

DISCUSSION  OF  ANALYTICAL  DATA 

The  analytical  data  for  the  soils  studied  are  presented  in  table  1,  and  in 
addition  to  the  contents  of  total  and  fifth  normal  nitric  add  soluble  caldum 
and  magnesium,  include  data  obtained  from  carbon-dioxide  determinations, 
expressed  as  caldum  carbonate  content,  and  the  reaction  of  the  soils  as  deter- 
mined by  three  well  known  qualitative  tests.  The  percentages  of  the  total 
caldum  and  magnesium  contents  soluble  in  fifth  normal  nitric  add  are 
tabulated. 

As  a  fiurther  aid  to  the  interpretation  of  these  anal3rses,  the  magnesium 
contents,  both  total  and  soluble,  have  been  calculated  to  the  equivalent 
amounts  of  caldum  and  these  added  to  the  corresponding  figures  for  the 
caldum  determined,  caldum  corresponding  to  the  carbon  dioxide  found  being 
deducted.  As  in  the  case  of  the  two  elements  when  considered  separately, 
the  percentages  of  the  total  amounts  which  are  soluble  have  been  tabulated. 

The  data  last  mentioned  are  considered  to  furnish  useful  information,  as 
indicating  both  quantitatively  and  relatively  the  amount  of  the  two  bases 
together  which  may  be  considered  as  having  combined  with,  and  partially 
satisfied,  the  add-reacting  constituents.  The  bases  present  in  the  form  of 
carbonates  may  be  regarded  as  a  reserve  supply  of  the  basic  elements. 

In  a  former  publication  from  this  laboratory  (1),  it  was  stated  that  for  the 
Ohio  soils  studied  it  appeared  to  be  a  general  rule  that  when  total  magnesium 
exceeds  total  caldum,  no  carbonates  are  present.  With  one  or  two  excep- 
tions, the  rule  appears  to  hold  good  for  the  soils  discussed  in  this  paper.  A 
striking  exception  is  the  subsurface  33  b;  here  the  amount  of  total  magnesium 
is  one  and  one-half  times  the  percentage  of  total  caldum,  yet  a  very  consid- 
erable quantity  of  carbonate  is  present.    The  proportion  of  the  total  mag- 
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nesium  content  of  the  soil  soluble  in  0.2N  HNQt  is  unusually  high,  indicating 
that  the  carbonate  in  this  soil  is  probably  of  dolomitic  nature.  It  is  note- 
worthy that  the  surface  of  the  cultivated  sample,  number  32  b,  taken  near 
by,  shows  similar  relations  between  total  calcium  and  magnesium,  and  total 
and  soluble  magnesium,  although  in  this  case  the  soil  is  practically  devoid  of 
carbonate  and  reacts  acid  to  tests.  Samples  55  and  37  have  much  more 
total  calcium  than  magnesium  in  both  depths,  but  the  presence  of  magnesium 
limestone  is  indicated  by  the  considerable  amount  of  magnesium  soluble  in 
0.2N  HNO>. 

.  The  high  amounts  of  magnesium  found  in  the  soils  of  western  Ohio  are 
doubtless  due  to  the  presence  of  a  considerable  amount  of  dolomitic  limestone 
in  the  glacial  till  from  which  these  soils  are  derived. 

In  table  2  is  presented  in  compact  form  a  summarized  comparison  of  the 
analytical  data  for  the  virgin  and  cultivated  samples  analyzed.  It  will  be 
observed  that  of  the  two  elements,  caldum  is  preponderant  in  the  soil  in  the 
majority  of  cases,  but  that  for  approximately  half  of  the  samples  magnesium 
exceeds  calcium  in  the  subsoil.  In  no  case  where  the  percentage  of  calcium 
in  the  subsoil  is  greater  than  the  magnesium  can  this  relation  be  attributed 
solely  to  the  presence  of  carbonate  of  calcium. 

Although  but  a  comparatively  small  number  of  samples  are  represented, 
the  two  depths  of  cultivated  and  corresponding  virgin  soils  exhibit  some 
di£Ferences  in  their  content  of  fifth  normal  nitric  acid  soluble  calcium  and 
magnesium,  which  appear  to  be  of  significance  in  showing  changes  which  occur 
in  soils  as  the  result  of  cultivation. 

In  the  majority  of  instances  the  proportion  of  total  calcium  and  magnesiimi, 
calcium  especially,  soluble  in  fifth  normal  nitric  add,  is  greater  in  the  surface 
virgin  soil  as  compared  with  the  same  depth  of  cultivated  soil.  When  the  7 
to  15-inch  depth  of  these  soils  is  compared,  the  reverse  of  this  is  seen  in  many 
cases,  the  subsurfaces  of  the  virgin  sample  containing  less  of  these  bases  than 
the  cultivated  soil. 

In  contrasting  the  data  for  the  individual  cultivated  and  similar  virgin 
soils  as  presented  in  table  1,  it  will  be  observed  that  the  relations  referred  to 
are  not  uniform  and  consistent.  This  is  to  be  expected  in  view  of  the  dif- 
ferences which  are  to  be  found  in  the  chemical  composition  of  soils  of  the  same 
type.  Ndther  should  too  much  significance  be  attached  to  small  variations 
in  composition.  Attention  has  been  directed  to  these  points  by  Robinson, 
Steinkoenig  and  Fry  (4). 

Considering  all  the  samples  together,  however,  the  averaged  results  should 
be  fairly  reliable  in  their  indications  of  the  effect  of  cultivation  in  promoting 
the  action  of  natiural  solvent  agendas,  and  in  producing  changes  in  the  physical 
conditions,  both  of  which  affect  the  distribution  of  bases  in  different  depths 
of  soil. 
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Reaction  and  carbonate  content 

By  far  the  greater  number  of  samples  examined  show  mere  traces  of  carbo- 
nate; while  this  may  possibly  have  been  formed  in  some  cases  by  the  decom- 
position of  organic  matter  during  the  analytical  procedure,  or  may  have  been 
merely  occluded  by  the  soil,  as  suggested  by  Shorey  and  associates  (6),  the 
possibility  of  a  local  occurrence  of  carbonate  in  noncalcareous  soils  acid  to 
tests  should  be  considered.  This  condition  could  be  attributed  to  isolated 
particles  of  carbonate  minerals,  or  to  plant  residues  containing  organic  salts 
of  calcium  which  changed  to  carbonate  during  the  process  of  decay. 

There  does  not  appear  to  be  any  consistent  relation  between  carbonate 
content  and  reaction  when  the  carbonate  is  present  in  very  slight  amount; 
some  soils  which  are  acid  to  the  indicators  employed  contain  as  much  carbonate 
as  others  strongly  alkaline  to  tests,  while  one  soil  which  was  alkaline  to  the 
tests  made,  contains  no  carbonate  at  all.  With  larger  amoimts  of  carbonate 
— 0.04  to  0.05  per  cent — ^however,  the  reaction  is  always  alkaline  to  litmus 
and  the  Veitch  test,  while  the  Truog  test  is  usually  negative  or  at  most  indi- 
cates "very  slight  aridity,"  except  in  one  case  (no.  33  b). 

Another  relationship  which  calls  for  comment  is  that  between  the  amount 
of  carbonate  and  the  proportion  of  the  non-carbonate  calrium  and  magnesium 
soluble  in  0.2iV  HNO^.  With  but  a  single  exception  (again  33  b)  in  all  cases 
where  any  considerable  amoimt  of  carbonate  is  present,  the  proportion  of  the 
total  calrium  and  magnesium  not  in  the  form  of  carbonate,  but  soluble  in 
Q.2N  HNOk,  is  higher  than  in  the  sample  from  a  different  depth  or  taken  nearby 
of  the  same  type  but  containing  less  carbonate.  Indeed,  this  connection  is 
plainly  seen  in  the  great  majority  of  cases  where  the  calrium  carbonate  content 
is  very  low — 0.01  to  0.02  per  cent — ^and  would  seem  to  indicate  that  even  these 
small  figures  for  carbonate  are  not  without  significance,  for  they  indicate 
basirity  in  other  forms  than  carbonate. 

In  the  greater  number  of  instances,  the  indications  of  the  three  methods  for 
determining  the  reaction  of  the  soil  are  in  agreement;  the  indications  of  the 
litmus  and  Vdtch  tests  are  occasionaUy  at  variance.  These  tests  are  not 
adapted  to  making  comparisons  as  to  degree  of  aridity  or  alkalinity  of  different 
soils,  hence  all  soils  which  reddened  blue  litmus  paper  to  a  noticeable  extent 
are  called  arid,  while  all  whose  water  extracts  were  even  slightly  alkaline 
after  concentration  are  considered  alkaline  by  the  Veitch  test.  In  many 
cases  where  the  indications  are  at  variance,  the  soil  was  probably  near  the 
border  line,  as  both  tests  were  rather  indistinct.  The  Truog  test  appears  to 
indicate  some  acidity  for  many  soils  alkaline  to  the  other  tests. 

In  the  case  of  some  of  the  soil  types  under  consideration,  there  appears  to 
be  a  fairly  consistent  relation  between  the  indications  of  the  Truog  test  and 
the  percentage  of  the  total  calrium  and  magnesiiun  soluble  in  fifth  normal 
nitric  arid,  exclusive  of  carbonates. 
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TABLE  2 
Culikaied  and  virgim  samples  of  the  same  sail  types  compared 

CULXIVAXBD 

viaoDi 

Totil  calcium  in  soil  exceeds  totil  magnesium  in  soil 

ptretmi 

91 
48 

78 

83 

70 
74 
70 
57 

74 

87 

Total  calcium  in  subsoil  exceeds  total  masnesium  in  subsoil 

61 

Total  magnesium  in  subsoil  is  greater  than  total  magnesium  in  sur&oe 
soQ 

74 

0.2N  HNQi  soluble  magnesium  in  subsoU  is  greater  than  0.2N  HNQi 
soluble  magnesium  in  soil 

61 

Percentage  of  total  magnesium  soluble  is  greater  in  subsoil  than  in 
soQ 

48 

83 

0  ^y  HNOb  soluble  calcium  is  greater  in  soil  than  in  subsoil   

83 

Percentage  of  total  caktum  soluble  b  greater  in  sral  than  in  subsoil. . 

Percentage  of  both  bases  soluble,  exclusive  of  carbonates,  b  greater  in 

soil  than  in  subsoil 

83 
91 

*  Per  cent  of  cases  in  23  samples. 


SUmCARY 

In  this  paper,  the  contents  of  total  and  fifth  normal  nitric  add  soluble 
caldum  and  magnesium,  carbonate  and  reaction  of  both  virgin  and  cultivated 
sdls  from  23  locations  in  Ohio  are  discussdd. 

The  data  indicate  that  in  most  N-irgin  scnls  there  is  a  concentration  of  readfly 
soluble  calcium  and  magnesium  at  the  surface.  With  cultivated  soUs,  however, 
the  subsoil  is  usually  better  supplied  with  these  elements  than  the  surfoce 
soiL 

Certain  interesting  relationships  between  the  proportion  of  the  total  caldum 
and  magnesium  which  are  soluble,  and  carbonate  content  and  reaction  ait 
pointed  out«  These  may  be  summarized  in  the  statement  that  when  the 
proportion  of  the  total  bases  (caldum  and  magnesium  together)  ixdiich  is 
soluble,  is  high,  the  soil  is  ver\'  likely  to  contain  more  carbonate  or  to  be  more 
basic  to  tests  than  is  the  case  with  similar  soils  ha\4ng  a  less  proportion  of 
these  bases  soluble.  MoreoN-er,  this  is  true  for  soUs  containing  \-ery  small 
amounts,  as  well  as  those  better  supplied  with  carbonates. 
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Ultimate  analyses  of  the  heavier  types  of  soils  usually  demonstrate  the 
occurrence  of  an  abundance  of  potassium.  Parallel  water  and  acid  extractions 
further  demonstrate  that  such  stores  of  potassium  are  usually  retained  with 
great  tenacity.  However,  laboratory  studies  show  that  an  added  solution 
of  a  neutral  salt  of  one  alkali,  or  alkali-earth  element,  may  effect  the  liberation 
of  an  approximate  equivalence  of  another  element  locked  within  the  soil,  if 
contact  between  soil  and  salt  solution  is  maintained  for  an  appreciable  period. 
After  contact  with  soils,  neutral  solutions  of  calcium  nitrate,  calcium  sulfate, 
calcium  chloride,  calcium  acetate,  and  similar  calciiun  salts  are  found  to  contain 
salts  of  magnesium  and  potassium,  particularly  where  protracted  contact  is 
permitted  before  the  soil  suspension  is  filtered  from  the  extracting  solution. 
While  it  is  seldom,  if  ever,  contended  that  the  amounts  of  soluble  neutral  salts 
added  to  the  soil  as  components  of  fertilizer  materials,  would  effect  a  libera- 
tion of  potassium  sufficient  to  care  for  maximum  crop  production,  it  has  never- 
theless been  taught  that  this  basic  exchange  may  be  of  such  magnitude  as  to 
be  considered  of  practical  value.  It  is  obvious,  however,  that  in  humid  regions 
field  conditions  would  not  be  encountered,  ordinarily,  where  the  active  mass 
of  the  free  soil-water  solution  forcing  an  exchange  would  attain  such  freedom 
of  movement  and  intensity  of  action  as  would  be  maintained  under  laboratory 
conditions. 

In  the  application  of  the  principle  of  basic  exchange  under  field  conditions, 
it  has  been  assumed  that  carbonate  of  lime  will  function  as  do  the  more  soluble 
neutral  salts;  for,  among  the  benefits  advanced,  as  possibly  accruing  from  the 
use  of  lime,  we  find  frequent  mention  of  the  supposed  liberation  of  potassium 
to  the  growing  plant.  Granting  that  in  practice  the  soluble  neutral  salts  of  cal- 
cium may  liberate  appreciable  amounts  of  potassium,  it  seems  hardly  conserva- 
tive to  deduce  that  the  same  function  may  be  inherent  with  the  relatively 
weak  solution  of  CaCOa  in  the  carbonated  water  of  the  soil.  It  would  seem 
quite  possible  that  the  speed  of  the  hydroljrsis  of  potassium  minerals,  effected 
by  the  carbonated  water  of  the  soil,  may  reach  the  possible  maximum  under 
the  existing  conditions  of  surface  and  temperature  without  any  acceleration 
to  be  accredited  to  calcium  carbonate  carried  in  solution  by  the  soil  water. 
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Indeed,  the  results  offered  by  Plummer  (27)  would  seem  to  establish  this 
point  in  so  far  as  the  original  potassium-bearing  minerals  are  concerned 
However,  we  do  not  know  that  the  solubilities  of  the  crushed  lump  minerals 
are  absolutely  comparable  to  those  of  residual  fragments  of  the  same  minerals, 
when  the  latter  have  been  included  in  the  soil  mass  for  ages. 

The  work  of  Parker  (25)  indicates  that,  m  their  liberative  action,  solubk 
neutral  salts  of  calciimi  function  in  a  different  manner  (or  at  least  with  much 
greater  intensity)  from  that  to  be  expected  from  applications  of  either  burnt  lime 
or  ground  limestone.  According  to  Parker's  interpretation  of  the  suiq)06ed  base- 
exchange  reaction  in  soils,  the  calcium-ions  of  a  neutral  salt  are  absorbed  by 
the  soil  and,  in  effect,  thereby  generate  HCl,  which  then  extracts  potassium 
from  the  soil's  potassic  complexes.  The  addition  of  NaOH,  in  amounts  em- 
pirically determined  as  sufficient  to  neutralize  the  acid  thus  eogendered,  will 
inhibit  the  extraction  of  potassium  effected  by  the  engendered  add. 

However,  were  carbonate  of  lime  added  to  a  soil,  the  caldum-ion  would  be 
absorbed  and  the  weak  CQrion  liberated;  and,  as  differing  from  the  genera- 
tion of  HCl  inddent  to  the  absorption  of  the  basic  ion  of  a  neutral  chloride 
salt,  this  might  result  in  a  loss  of  CQi  to  the  atmosphere,  through  the  sab- 
sequent  dissociation  of  Hs(X)s;  or,  on  the  other  hand,  it  might  result  in  a 
more  concentrated  CX)s  content  in  the  soil-water  solution  effective  for  bath- 
ing the  potassic  minerals,  or  complexes  derivative  therefrom.  The  potasamn 
thus  coming  into  solution  would  be  a  measure  of  the  readiness  of  the  potasac 
complexes  to  undergo  hydrolysis.  In  prindple,  but  in  extent  possibly  governed 
by  surface  of  the  applied  amendment,  the  same  reasoning  would  apply  to  both 
burnt  and  hydrated  lime,  as  well  as  to  limestone.  For  the  work  rq>orted  by 
Maclntire(  21)  has  demonstrated  that  a  surface  application  of  finely  divided 
burnt  or  hydrated  lime  will  revert  to  the  carbonate  within  an  exposure  period 
of  four  or  five  days  prior  to  inworking. 

LABORATORY  AND  POT  STUDIES 

The  problem  of  augmenting  available  potassimn  has  been  studied  in  both 
laboratory  and  pot  experimentation.  Gaither  (12)  conduded  from  his  studies 
at  the  Ohio  Agricultural  Experiment  Station  that  little,  if  any,  potassium  is 
made  available  by  the  action  of  lime  on  soils.  Gaither  also  gave  analyses  of 
wheat  grown  upon  limed  plats  at  the  Ohio  station.  These  anal3rses  show  that 
the  application  of  lime  has  resulted  in  a  depression  in  the  potash  content  of 
the  wheat  ash.  This  depressive  tendency  of  lime  was  likewise 
by  the  analyses  of  wheat,  grain  and  straw,  from  the  limed  plats  of  the 
sylvania  Agricultural  Experiment  Station,  reported  by  Maclntire  (19). 
and  Bizzell  (18)  found  no  potassium  enrichment  in  the  ash  of  plants  f 
limed  soil,  when  averaging  the  potassium  content  of  maize,  oats,  wheat,  an^ 
grasses  grown  in  their  lysimeters  during  a  period  of  four  years. 
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In  the  study  of  the  effect  of  additions  of  lime  upon  soil  potassium,  Gaither  (12) 
was  unable  to  obtain  conclusive  data  in  making  water  extractions.  He  then 
utilized  N/5  HNQs,  the  extracting  period  extending  over  5  hours.  In  this 
case  Volusia  silt  loam  was  used.  The  soil  had  been  treated  with  varying 
amounts  of  lime,  equivalent  to  rates  of  2, 4, 6,  8, 10, 12, 15, 18,  20,  and  25  tons 
of  CaO  per  acre,  after  which  two  crops  of  alfalfa  were  grown.  Just  prior  to 
'  the  harvesting  of  the  second  crop  of  alfalfa,  the  soil  samples  were  taken 
for  extraction.  The  average  of  the  two  extractions  from  the  checks  gave 
0.0097  per  cent  KjO,  while  the  average  of  the  10  lime-treated  pots  gave  0.0094 
per  cent.  From  these  data  Gaither  concluded,  ''The  theory  held,  'that  lime 
added  to  the  soil  increases  the  amount  of  available  potash  in  the  soil,'  is  either 
erroneous  or  requires  more  positive  proof  than  has  heretofore  been  obtained 
before  it  can  be  accepted." 

Morse  and  Curry  (24)  concluded  that  while  some  liberation  of  potassium 
may  result  from  lime  treatment,  the  liberated  potassiimi  is  again  absorbed  by 
the  soil.  Patton  (26),  in  a  r&imi6  of  earlier  work,  cites  the  experiments  of 
Treutler,  demonstrating  that  gypsum  will  yield  potash  to  soil  percolates. 
Storer  (31)  writes  that  investigations  "have  shown  that  gypsiun  exerts  a  pow- 
erful action  in  setting  free  potash,  which  has  been  absorbed  and  fixed  by  the 
earth,  that  is  to  say,  by  double  silicates  in  the  earth."  Storer  also  stresses  the 
importance  of  his  contention,  that  not  only  is  it  true  that  "gypsiun  sets  free 
potash  (as  well  as  magnesia)  for  the  use  of  the  crop,  but  it  causes  potash  to  be 
transferred  to  the  lower  layers  of  the  soil  so  that  the  roots  can  everywhere 
find  a  store  of  it."  Storer  offered  data  secured  by  Boussingault  from  analy- 
ses of  two  crops  of  clover.  These  data  show  an  increased  potash  content  in 
each  crop  of  clover  where  gypsum  was  applied.  It  is  further  stated  that "  num- 
erous trials  of  leachings  from  loams,  in  great  variety,  with  a  solution  of  gypsum 
have  shown  that  much  more  potash,  magnesia  and  soda  can  be  extracted  by 
this  solvent  than  by  mere  water." 

Bradley  (3)  mixed  three  soils  with  1  per  cent  each  of  CaO  and  CaS04,  sepa- 
rately, and  maintained  20  to  25  per  cent  moist  contact  for  6  weeks.    At  the 
end  of  this  period  the  soils  were  leached  with  distilled  water  and  the  extracted 
potash  determined.    Average  parts  per  million  of  19.9,  26.0,  and  34.1  for  the 
blank,  CaO  and  CaS04  extractions,  respectively,  were  obtained.    However, 
in  a  24-hour-contact  study,  with  occasional  shaking  and  using  50  gm.  of  soil 
and  1  gm.  of  CaO  or  1  gm.  of  CaS04,  followed  by  filtration  through  a  Pasteur- 
Chamberland  filter,  an  increase  in  soluble  potash  was  found  only  in  the  case 
of  the  CaS04  treatment;  the  CaO  treatment  having  effected  a  depression  in  the 
amount  of  potash  as  compared  with  that  obtained  in  distilled  water  blanks. 
The  same  findings  were  obtained  in  using  pegmatite  for  similar  extractions. 
la  stating  that  gypsum  has  been  very  beneficial  to  soils  of  western  Oregon, 
Sradley  (3)  states,  "Tests  on  a  number  of  these  soils  with  lime  and  gypsum 
binder  different  conditions  indicate  that  gypsum  acts  a^  an  indirect  fertilizer, 
^while  lime  does  not."    No  reference  is  made  to  the  possible  beneficial  action 
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to  be  derived  from  the  sulfur  content  of  the  gypsum.  Bradley  gives  some 
interestmg  data  upon  the  question  of  the  long-continued  use  of  gypsum  upon 
the  solubility  of  the  residual  potash.  A  soil  which  had  received  gypsum  treat- 
ments over  a  period  of  25  years  was  compared  with  the  same  soil  in  an  adjcnn- 
ing  field  which  had  not  received  such  treatment.    The  data  are  here  given: 


Potash  soluble  in  HCl,  1 .  115. 
Potash  soluble  m  HNOi,  N/5. 


0.202 
0.050 


0.268 
0.069 


From  these  data  it  would  appear  that  the  prolonged  gypsum  treatment  had 
appreciably  enhanced  the  solubility  of  the  residual  potash. 

McMiller  (23),  using  five  soils  and  appl3ring  to  each,  separate  applications 
of  1  per  cent  CaO  and  CaS04y  after  3  months  found  an  increase  of  82  per  cent 
in  the  water-soluble  potash.  In  studies  with  granite-derived  soils  and  their 
separates,  Dumont  (9)  found  that  heavy  additions  of  calcium  sulfate  and  long- 
continued  moist  contact  were  instrumental  in  Uberating  potash;  and  that  the 
liberation  increased  coincident  with  the  decrease  in  fineness  of  the  separates. 
Working  with  New  York  soils,  Tressler  (32)  found  that  in  some  instances 
potassium  was  liberated  from  the  more  insoluble  forms  by  the  use  of  soluble 
lime  salts.  In  the  case  of  the  relatively  young  glacial  soils  used  by  Tressler, 
the  potash-bearing  materials  were  probably,  in  the  main,  undisintegrated 
ground-up  minerals,  rather  than  the  hydrolyzed  residues  characteristic  of 
soils  formed  in  sUu.  Andre  (2)  found  that  the  solubility  of  the  potash  in 
microline,  a  potassic  mineral  commonly  found  in  soils,  was  increased  by 
treatment  with  CaS04. 

Fraps  (11),  in  pot  studies  involving  particularly  a  study  of  the  add-soluble 
potassium  and  that  taken  up  by  plants,  came  to  the  conclusion  that  additions 
of  CaCOa  and  CaS04  did  not  effect  any  appreciable  liberation  of  soil  potash, 
nor  was  there  induced  any  increase  in  the  potash  assimilated  by  the  several 
crops.  Additions  of  CaCQs  were  found  not  to  have  increased  the  amount 
of  active  potash  present  in  the  several  soils  at  the  end  of  the  period  of 
experimentation. 

In  making  17  distilled  water  extractions  from  a  number  of  the  fertilizer 
plats  at  the  Pennsylvania  station,  under  and  following  oats,  during  a  period 
between  May  13  and  September  30,  Brown  and  Madntire  (5)  found  less  po- 
tassium in  the  extracts  from  the  limed  plats  than  from  those  unlimed,  after 
29  years  of  liming.  The  average  of  the  17  extractions  from  the  limed  and 
manured  plat  no.  22  amounted  to  but  6.85  parts  per  million  of  potassium  as 
compared  with  8.30  parts  per  million  as  an  average  from  plat  16,  which  re- 
ceived manure  alone.  Again,  the  burnt-lime  plat  no.  23  gave  an  average 
potassium  concentration  of  only  6.0  parts  per  million  as  against  6.5  for  the 
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check  plat  no.  24.  Thus,  while  it  might  be  assumed  that  lime  may  have  in- 
duced the  liberation  of  potash  initially,  the  long-continued  occurrence  of  the 
accumulated  supply  of  carbonate  of  lime  ultimately  decreased  the  extent  of 
potash  liberation,  or  else  enhanced  the  soil's  tendency  to  reabsorb  any  potas- 
sium released  from  siliceous  combination.  In  this  connection  it  might  be 
noted  that  about  one-third  of  the  lime  accumulated  over  a  period  of  30  years 
was  held  as  silicates,  or  other  forms  than  CaCQs,  although  the  untreated  check 
plats  now  show  slight,  and  in  some  cases  no  lime  absorption,  as  measured  by 
the  Veitch  (33)  method  studies  of  Gardner  and  Brown  (13).  The  resid- 
ual KsO  found  in  these  soils  after  30  years  of  liming  will  be  considered  in 
another  part  of  this  treatise. 

In  considering  the  plant  as  an  indicator  of  the  availability  of  potash  after 
treatments  of  lime,  the  results  of  Fraps  (10),  Gaither  (12),  Lyon  and  Bizzell 
(18)  and  those  cited  by  Storer  (31)  suggest  the  consideration  of  the  potash 
composition  of  crops  grown  on  the  lime  plats  of  the  Pennsylvania  station. 
Such  data  are  available.  In  1910  Maclntire  (19)  studied  the  composition  of 
the  wheat  crop  from  nine  of  the  plats  of  tier  2.  Liming  produced  no  effect  upon 
the  potassium  content  of  the  grain.  However,  in  the  case  of  wheat  straw,  a 
considerable  decrease  was  effected  as  a  result  of  liming  after  a  period  of  29 
years.  The  straw  from  the  plat  which  had  received  2  tons  of  burnt  lime  every 
4  years  analyzed  but  0.94  per  cent  K2O,  as  against  1.10  per  cent  in  that  from 
the  check  plat.  Again,  the  straw  from  the  lime  and  manure  plat  analyzed 
1.02  per  cent  K2O  as  compared  with  a  K2O  occurrence  of  1.21  per  cent  in  the 
straw  harvested  from  the  plat  which  received  manure  alone.  The  entire  crop 
from  the  untreated  plat  removed  16.1  pounds  of  K2O  per  acre,  while  that  from 
the  lime  plat  removed  15.6  pounds.  The  plat  which  received  6  tons  of  manure 
without  lime  yielded  K2O  at  the  rate  of  37.6  pounds  per  acre,  as  against  34.9 
pounds  from  the  plat  which  received  both  lime  and  manure. 

In  simimarizing  the  results  from  the  Rhode  Island  Agricultural  Experiment 
Station,  Wheeler  (34)  concluded  that  a  study  of  the  soils  of  that  state  does  not 
justify  the  assmnption  that  lime  is  to  be  considered  as  an  extensive  liberant 
of  soil  potash. 

Briggs  and  Breazeale  (4)  found  that  solutions  of  Ca(0H)2  were  inactive 
upon  the  potassium  content  of  soil  and  also  upon  that  of  both  pegmatite  and 
orthoclase;  while  the  solubility  of  the  potash  content  of  orthoclase  was  also 
depressed  by  CaS04.  Calcium  was  likewise  found  to  induce  no  acceleration 
in  the  absorption  of  potassium  by  wheat  seedlings,  when  the  seedlings  were 
grown  in  contact  with  soil  and  orthoclase.  Had  there  been  present  an  abun- 
dance of  potash  resultant  from  liberation  effected  by  treatment,  the  reverse 
would  have  been  expected,  for  LeClerc  and  Breazeale  (15)  demonstrated  that 
there  existed  a  marked  tendency  on  the  part  of  the  seedlings  to  take  up  par- 
ticularly large  proportions  of  potash  at  this  stage  of  growth. 

As  a  result  of  his  pot  and  laboratory  studies  with  a  poor  soil  supplemented 
by  additions  of  muscovite,  biotite,  orthoclase  and  microline,  Plummer  (27), 
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concluded  that  CaCQs  treatment  and  calcium  bicarbonate  solutions  do  not, 
per  se,  increase  the  amount  of  potash  available  to  the  plant,  as  measured  by 
either  the  plant  or  by  N/5  acid.  Lipman  and  Gericke  (16)  studied  -potash 
liberation  induced  by  CaCOs  and  CaS04  from  two  soils,  an  Oakley  blow  sand 
and  a  Berkley  adobe  and  also  a  greenhouse  modification  of  the  adobe  soil,  the 
latter  having  been  made  by  mixtures  of  the  original  adobe  soil  and  barnyard 
manure.  Treatments  were  mixed  throughout  and  moist  contact  permitted 
After  periods  of  approximately  1,  4,  and  9)  months  for  the  Oakley  soil,  and 
1},  4,  and  10  months  for  the  adobe  soil,  with  somewhat  comparable  periods 
for  its  manure  modification,  1:  2  proportions  of  soil  and  distilled  water  were 
allowed  to  digest  for  6  days  prior  to  filtration  through  Pasteur-Chamberland 
pressure  filters.  The  water  solutions  thus  obtained  showed  no  increase  in 
potash  from  either  the  CaCOa  or  CaS04  treatment  in  the  case  of  the  blow 
sand.  Some  increase  was  obtained  in  the  filtrations  from  the  adobe  soil,  as  a 
result  of  both  CaCOs  and  CaS04  additions;  and  the  same  was  true  of  its 
manure-mixture  modification.  The  longer  periods  of  contact  induced  no  co- 
incidental increase  in  water-soluble  potash.  The  greenhouse  modification 
gave  a  greater  potash  recovery  than  did  the  immodified  soil,  though  it  is  not 
evident  what  part  of  the  increase  is  attributable  directly  to  the  potash  content 
of  the  manure  added.  Working  with  500-gm.  portions  of  soil  and  maintaining 
contact  with  60  per  cent  moisture-holding  capacity  for  19  weeks  at  30®C., 
Ames  and  Boltz  (1)  secured  data  indicating  the  liberation  of  potassiimi  from 
added  or  engendered  CaS04,  but  not  from  additions  of  CaCOa.  The  analyses 
were  made  upon  extractions  of  distilled  water  in  the  proportion  of  400  gm.  of 
soil  to  2500  cc.  of  water.  In  the  case  of  the  silt  loam  soil,  CaCOa  treatment 
depressed  the  extractable  potassium,  but  the  addition  of  dried  blood,  with  and 
without  CaCOa,  effected  an  enhanced  solubility  of  native  potassiiun. 

FIELD  STUDIES 

The  effect  of  lime  as  a  liberative  agency  in  increasing  the  availability  of 
soil  potash  has  been  studied  but  little  under  practical  field  conditions,  with  sup- 
plementary laboratory  investigations.  The  plats  of  the  Pennsylvania  station 
offer  a  splendid  opportunity  for  such  a  study,  if  it  is  assimied  that  adequate 
accuracy  of  sampling  can  be  attained.  Such  a  study  was  made  by  the  writer 
(20)  in  1911.  The  results  were  reported  as  a  part  of  a  general  lime  study  and 
would  not  be  found  easily,  if  at  all,  in  a  search  for  data  on  potash  experiments. 
Then  too,  the  potash  results  were  but  incidental  in  the  general  study  and  the 
discussion  offered  was  therefore  limited.  In  addition,  the  annual  reports  at- 
tain only  a  limited  circulation.    The  results  are  therefore  given  in  toio  (table  1). 

In  this  work,  four  similarly  treated  plats  of  the  same  nimieral  designation 
one  from  each  tier,  were  sampled.  Composite  samples  were  made  from  ten 
borings  taken  from  each  of  the  four  J-acre  plats,  at  each  of  three  depths.  The 
total  residual  potash  found  in  the  upper  21  inches  was  taken  as  a  measure  of 
the  activities  of  the  several  forms  of  lime  in  activating  the  outgo  of  potash. 
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Discussion  of  the  data  of  table  1 

In  comparing  the  manure  plats  no.  16  with  the  lime  and  manure  plats  no.  22, 
we  find  tiiat  the  two  lower  depths  of  the  former  give  an  average  of  69,236 
poimds  as  against  68,899  pounds  for  the  latter,  or  practically  identical  results. 
However,  the  upper  7  inches  of  the  lime  and  manure  plats  no.  22  had  approxi- 
mately 9000  pounds  less  of  KjO  than  had  the  corresponding  zone  of  the  plats 
receiving  manure  alone.  This  comparison  would  seem  to  indicate  a  consid- 
erable potash  replacement  in  the  surface  zone,  without  any  fixation  of  the  lib- 
erated surface  soil  potash,  as  it  leached  down  through  the  underl)ring  zones. 
However,  had  potash  been  liberated  by  the  additions  of  lime,  it  would  seem 

TABLE  1 

The  influence  of  30  years  of  liming  upon  ike  residual  potassium  of  the  upper  three  7^nch  tones 
of  Hagerstoum  silty  clay  loam  of  the  Pennsylvania  Station  General  Fertilizer  Experiment 
plats — equal  amounts  used  from  each  of  the  four  tiers  in  making  composite  samples 


KsO  FOUND,  POUNDS  PER  ACRE 

PlaU16 

puts  22 

PlaU  23 

Plats  24 

puts  33 

PUU34 

SOIL  ZONES  SAMPIXD 

6  tons  of 

manure 

biennially 

2  tons  CaO 
quadren- 
nially and 
6  tons  of 
manure 
biennially 

2  tons  CaO 
quadren- 
nially 

Cherks 

320  pounds 
of  gypstim 
bienmally 

2  tons 
ground  lime- 
stone bien- 
nially 

0-7   inches 

lbs. 

75,544 
72,645 
65,827 

lbs. 

66,574 
70,076 
67,721 

lbs. 

66.523 

68,714 

66,523 

lbs. 

68,532 
68,673 
76,136 

lbs. 

72,440 
67,312 
66,410 

lbs. 

69,154 
65,653 
57,705 

7-14  inches 

14—21  inches 

0-21  inches 

214,016 

204,371 

201,760 

213,341 

206,162 

192,512 

*  2,047,500  pounds  per  acre  7  inches  is  used  for  calculations  to  pounds  per  acre. 


that  the  clay  subsoil  would  have  undoubtedly  functioned  as  an  absorbent  for 
downward  moving  potassium  salts,  as  will  be  shown  was  the  case  with  the  simi- 
lar Cumberland  loam  soil  of  the  lysimeters. 

In  a  comparison  between  the  analyses  of  the  limed  plats  no.  23,  with  the 
limed  and  manured  plats  no.  22,  we  find  the  surface  zones  to  be  practically 
identical  in  composition,  while  the  lower  zones  average  67,618  pounds  for  plats 
no.  23,  as  against  an  average  of  68,999  pounds  for  the  corresponding  zones  of 
plats  no.  22.  Considering  the  mass  of  soil  as  represented  by  the  soil-weight  used 
in  the  calculations,  and  without  attributing  a  part  of  the  difference  to  potash 
absorbed  from  that  supplied  by  the  90  tons  of  manure,  the  results  are  reason- 
ably concordant.  Where  these  two  limed  plats,  no.  22  and  23,  are  compared 
with  their  corresponding  checks,  no.  16  and  24,  some  displacement  of  potas- 
sium is  indicated.  It  should  be  noted,  however,  that  while  the  upper  two 
zones  of  the  untreated  plats  no.  24  are  practically  identical,  the  lower  zone 


344  w.  H.  macintire 

jumps  to  a  content  of  76,136  pounds.  If  it  were  assumed  that  the  lowest  zoot 
of  plats  no.  24  was  not  truly  representative  and  the  average  of  the  two  upper 
zones  were  instead  assigned  to  it,  then  in  a  comparison  with  plats  no.  22  and  23 
this  hypothetical  summation  would  indicate  a  loss  of  only  1437  pounds  ol  K|0 
in  the  case  of  the  limed  and  manured  plats  no.  22  and  but  4040  pounds  for 
plats  no.  23  which  received  lime  alone.  However,  the  total  potash  in  the  upper 
21  inches  of  the  control  plats  no.  16,  which  received  manure  alone,  amounts  to 
214,016  pounds,  as  against  213,341  pounds  for  the  check  plats  no.  24.  Again, 
the  substitution  of  the  average  amount  of  the  upper  two  zones  for  the  deter- 
mined amount  found  in  the  lowest  zone  would  give  a  total  of  205,808  pounds 
for  the  check  plats,  as  against  206,162  for  the  gypsum  plats.  Thus  the  CaS04 
treatments  amounting  to  4,800  pounds  over  a  30-year  period  would  have  regis- 
tered no  potash  liberation,  if  the  average  composition  figure  were  used  to  re- 
place that  determined.  It  seems  hardly  probable  that  the  sampling  ol  the 
lowest  zone  of  the  composite  of  plats  no.  24  is  truly  representative;  however,  the 
two  comparisons,  that  of  the  total  from  the  composite  of  the  check  plats  no. 
24  against  that  of  the  total  of  the  composites  of  the  control  plats  no.  16  and 
that  of  the  check  plats  no.  24  against  the  gypsum-treated  plats  no.  33,  would 
militate  against  the  adoption  of  the  total  which  would  obtain,  were  the  ap- 
parent error  in  the  sampling  of  the  lowest  zone  to  be  presiuned  as  being  rectified 
by  the  substitution  of  the  value  found  by  the  process  of  averaging  the  figures 
obtained  in  the  anal3rses  of  the  two  upper  zones. 

In  further  comparisons,  the  composite  of  the  ground-limestone  plats  no.  34 
shows  a  deficiency  of  potash  amounting  to  20,829  pounds  for  the  entire  21 
inches,  as  compared  to  the  residual  potash  found  in  the  composite  of  the  check 
plats  no.  24.  This  difference  is  manifestly  of  greater  magnitude  than  would 
be  chemically  possible,  in  view  of  the  determinations  of  the  total  residual 
lime  and  residual  calcium  carbonate  at  the  same  depths.  Here,  again,  the 
third  zone  appears  as  abnormal,  and  since  the  apparent  abnormality  of  the 
third  zone  sampling  of  plats  no.  24  tends  upward  and  that  of  plats  no.  34  tends 
downward,  the  differential  error  is  accentuated.  It  would,  of  course,  be  con- 
trary to  all  chemical  conceptions  to  assume  that  the  amount  of  potash  liber- 
ated by  the  ground  limestone  would  be  equal  to  that  set  free  by  the  burnt  lime 
under  the  imposed  conditions  of  repetition  over  such  a  long  period. 

Considering  the  comparisons  from  another  angle,  it  is  very  interesting  to 
note  that  had  the  analyses  been  confined  to  the  samplings  from  the  two  upper 
zones,  and  in  particular  had  the  manure  control  plats  not  been  included,  the 
conclusions  would  have  been  definitely  and  materially  different.  No  potash 
liberation  would  have  been  indicated,  137,205  pounds  having  been  found  in 
the  upper  14  inches  of  the  composited  check  plats  against  139,752  pounds  for 
the  gypsimi  plats.  On  the  other  hand,  the  comparison  of  137,205  pounds  for 
the  check  plats  against  136,650  pounds,  135,237  pounds,  and  134,807  pounds, 
would  give  a  loss  of  potash  amoimting,  respectively,  to  555  pounds  for  the  lime 
and  manure  plats,  1968  pounds  for  tiie  burnt-lime  plats  and  2308  pounds  for 


UBERATION  OF  NATIVE  SOIL  POTASSIUM  345 

the  gicund-limestone  plats.  Looking  at  the  data  from  either  viewpoint,  that 
of  the  upper  14  inches,  or  that  of  the  aggregate  of  the  three  7-inch  zones,  but 
with  reservation  as  to  the  commensuratenessof  sampling  and  analysis,  it  would 
seem  reasonable  to  assume  that  the  burnt-lime  and  ground-limestone  treatments 
have  effectuated  some,  though  small,  release  and  leaching  of  potash.  Remem- 
bering the  much  lighter  application  of  CaS04  and  considering  the  mass  of  the 
soil  sampled,  the  action  of  the  total  of  4800  pounds  of  CaS04  may  be  said  to 
have  been  indefinitely  established. 

In  discussing  these  results,  in  this  connection,  it  is  thought  well  to  point 
out  the  limitations  incident  to  representative  sampling,  even  when  there  is 
exerted  the  most  extreme  care  and  the  further  limitation  of  interpretation  of 
anal3rtical  results  into  positive  terms  on  the  acre  depth  basis.  The  accuracy 
and  dependability  of  supposedly  representative  sampling  are  in  no  wise  com- 
mensurate with  the  analytical  procedure  carried  out  in  the  laboratory.  The 
results  embodied  in  table  1  represent  the  true  potassiiun  content  of  the  samples 
obtained;  but  the  imcertainty  as  to  their  representative  character  necessitates 
reservations  in  the  interpretation  and  acceptance  of  the  findings  and  indications 
derived  therefrom.  Such  difficulties  and  limitations  possibly  serve  to  empha- 
size the  value  and  greater  dependability  of  data  secured  through  the  medium 
of  carefully  controlled  lysimeter  experiments,  where  careful  mixing  of  the  soil 
mass  assures  a  reasonably  uniform  composition  of  the  soil  used  to  fill  the 
tanks. 

Previous  lysimeter  investigations 

As  compared  with  laboratory  extractions  and  percolating  studies,  there  is  a 
dearth  of  lysimeter  investigations  upon  the  subject  of  potash  liberation  and 
outgo  induced  by  lime  treatments.  Such  studies  have  been  considered  by 
some  (Lipman  (16),  Tressler  (32) )  as  being  more  indirect  than  direct.  To  the 
writer,  it  would  appear  that  the  actual  static  equilibria  would  be  much  more 
nearly  indicated  by  the  leachings  obtained  from  exposure  to  actual  precipita- 
tion, than  by  extractions  under  the  accentuated  conditions  imposed  during 
agitation  with  a  surplus  of  solvent,  after  an  exaggerated  period  of  contact  of 
treatment  and  soil,  such  as  would  not  be  encoimtered  if  the  factors  of  solubility, 
outgo  and  absorptive  tendencies  were  given  free  play.  This  would  be  particu- 
larly true  in  the  case  of  the  batteries  where  no  subsoil  was  used. 

Lyon  and  Bizzell  (17,  18)  have  recently  reported  the  results  secured  during 
the  initial  5-year  period  in  their  lysimeter  studies  upon  a  Dimkirk  clay  loam. 
The  analysis  of  leachings  gave  no  indication  of  any  liberation  of  potassium  to 
the  free  soil  water  as  a  result  of  one  application  of  burnt  lime  at  the  rate  of 
3000  pounds  per  acre.  However,  since  the  applications  of  potassium  sulfate 
likewise  failed  to  show  any  enrichment  in  the  potassium  content  of  leachings, 
it  is  recognized  that  the  underlying  3  feet  of  soil  might  have  effected  the  ab- 
sorption  of  some  fraction  of  the  total  of  potassiiun  salts  which  might  have 
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passed  from  the  surface  soil.  Although  the  average  crop  analyses  show  that 
the  plants  utilized  about  twice  as  much  potassiiun  as  was  leached  under  fallow 
conditions,  nevertheless  the  outgo  of  potassium  in  leachings  is  apparently  inde- 
pendent of  the  crop  growth.  This  would  suggest  the  possibility  that  the  crops 
derived  their  stores  of  potassium  from  the  potassium  content  of  film  water, 
rather  than  from  that  contained  in  the  free  water.  The  averages  from  annual 
analyses  of  com,  oats,  wheat  and  grass  for  4  years  show  a  practically  identical 
potassiiun  content  in  the  crops  from  the  limed  and  unlimed  tanks. 

In  their  comprehensive  memoir,  Lyon  and  Bizzell  (18)  review  the  several  as- 
pects resulting  from  the  data  derived  from  lysimeter  investigations  reported. 
The  results  reported  from  the  Florida,  Texas,  Hawaiian,  Rothamsted,  Brom- 
berg,  Gdttingen,  Jonkoping  and  Cawnpore  stations  also  are  reviewed  in  samt 
detail.  From  some  of  the  above  cited  data  and  other  publications,  it  might  be 
assimied,  and  indeed  it  is  generally  held,  that  the  loss  of  potassiiun  from  the  soil 
through  leaching  is  to  be  considered  as  negligible.  Soil  type,  composition,  age, 
method  of  cropping,  periodicity  and  magnitude  of  rainfall,  topography,  range  of 
seasonal  temperature  and  other  factors  must  have  important  bearing  upon  the 
extent  of  potassium  outgo,  which  may  truly  have  very  wide  range.  Clarke 
(7)  in  offering  the  results  of  analyses  of  203  samples  of  drainage  water  shows 
that,  while  more  often  occurring  in  relatively  small  amounts,  potassium  may 
be  found  as  high  as  160  parts  per  million.  Greaves  and  Hirst  (14)  record  the 
analyses  of  the  water  from  67  streams,  4  drains  and  3  wells,  giving  amounts 
varying  from  a  minimum  of  0.79  parts  per  million  to  25.3  parts  per  million. 
The  maximum  figure  offered  by  them  is  greater  than  that  secured  in  any  an- 
nual period  in  the  results  offered  in  this  paper.  This  is  true  even  in  the  case 
of  the  100-ton  lime  tanks. 

LIME  AND  MAGNESIA  LYSIMETER  STUDIES  AT  THE  TENNESSEE  STATION 

Storer  (31)  attributes  to  gypsum  the  function  of  liberation  of  soil  potash, 
followed  by  its  dissemination  throughout  a  more  extensive  area,  thus  increas- 
ing the  feeding  zone  of  growing  plants  in  search  of  nutrient  potash.  The 
lysimeter  studies  offered  in  this  treatise  are  so  planned  that  by  the  use  of  soO 
alone  and  soil  with  subsoil,  any  such  migration  following  release  by  treatment 
may  be  recorded  and  some  measure  of  the  absorptive  tendencies  of  the  soil 
and  subsoil  obtained,  thus  throwing  some  light  upon  the  phase  of  the  problem 
pointed  out  by  Storer. 

In  previously  reported  studies  (21)  based  upon  the  use  of  Cumberland  loam 
soil  in  field  cylinders,  different  forms  of  lime  were  used  in  2-ton  and  8-ton  per 
acre  applications.  As  a  result  of  those  and  other  studies,  further  experiments 
were  planned  and  begun  in  July,  1914,  using  lysimeters  in  which  the  minimum 
applications  of  burnt  lime  were  at  the  rate  of  8  tons,  equivalent  to  the  maximum 
amount  used  in  the  cylinder  investigations.  The  lysimeter  equipment  has  been 
previously  described  and  illustrated  (21)  and  is  also  shown  in  this  contribution 
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(plate  1).  Treatments  equivalent  to  32  tons  and  100  tons  per  acre  were  also 
included  in  the  later  lysimeter  experiments.  In  amounts  chemically  equivalent 
to  these  three  amounts  of  CaO,  treatments  of  MgO,  precipitated  CaCOs,  precip- 
itated MgCQs,  100-mesh  limestone,  100-mesh  dolomite,  and  100-mesh  magne- 
site  were  also  included  in  the  scheme  of  experimentation.  Thirty-two-ton  ap- 
plications of  woUastonite  and  of  serpentine  of  100-mesh  fineness  were  also  used 
in  the  deep  tanks.  Thus,  in  the  surface-soil  group,  there  were  included,  three 
CaO  treatments,  one  each  at  the  rates  of  8,  32  and  100  tons  per  acre  2,000,000 
pounds  of  soil.  In  like  manner,  three  tanks  of  each  of  the  other  six,  chemically 
equivalent  oxide  and  carbonate  materials  were  utilized.  In  this  way,  three 
surface-soil  batteries  of  7  tanks  each,  at  the  three  rates,  were  incorporated  in  the 
experiment.  These  21  surface-soil  tanks  were  then  duplicated  exactly,  save 
for  the  fact  that  the  surface  soil  of  the  second  series  of  21  tanks  rested  upon 
1  foot  of  well  tamped,  untreated  clay  subsoil.  In  addition  there  were  also 
installed  one  blank  surface-soil-only  tank  and  one  surface-and-subsoil  tank. 

The  periodical  leachings  from  the  several  tanks  have  been  collected  over  a 
period  of  5  years  and  a  definite  aliquot  of  each  sample  preserved  in  acid  solu- 
tion. Each  annual  composite  thus  obtained  has  been  subjected  to  "  complete" 
chemical  analysis.  This  series  of  the  46  annual  composites,  for  each  of  5  years 
affords  an  excellent  opportunity  to  gauge  any  enhanced  outgo  of  potassium  as 
the  result  of  applications  of  nine  different  calcic  and  magnesic  compounds  in 
amounts  up  to  the  equivalence  of  200,000  pounds  of  CaO  per  acre  2,000,000 
pounds  of  soil. 

In  addition  to  the  foregoing  system  of  46  tanks  devoted  to  the  study  of 
the  Cumberland  loam,  another  battery  of  22  tanks  containing  Cherokee 
sandy  loam,  surface  soil  only,  has  been  under  experimentation  for  2  years. 
The  leachings  from  this  second  set  have  been  preserved  and  analyzed  in  the 
same  manner  as  were  those  of  the  system  of  46  tanks.  While  devoted  pri- 
marily to  the  study  of  the  outgo  of  sulfur  from  treatments  of  both  native  and 
applied  sulfur,  the  second  system  affords  an  additional  opportunity  for  study 
of  the  Hberation  of  native  soil  potassium,  as  indicated  by  leachings.  The 
treatments  of  this  set  will  be  described  in  prefacing  the  report  of  the  results 
secured  during  the  initial  2-year  period  and  recorded  in  the  latter  part  of  this 
contribution. 

In  the  scheme  of  experimentation  with  the  two  soils  we  have,  therefore,  a 
study  embracing  11  calcic  and  magnesic  treatments  at  several  rates,  from  9 
additions,  namely,  CaO,  MgO,  CaCOa,  MgCOs,  limestone,  dolomite,  mag- 
nesite,  woUastonite  and  serpentine;  and  2  engendered  compoimds  CaS04  and 
MgS04,  where  sulfur  was  added  as  FeS04,  iron  pyrites  or  sulfur  together  with 
lime  or  magnesia.  Indeed,  at  certain  periods,  the  formation  of  caldmn  and 
magnesium  nitrates  was  of  such  magnitude  as  to  be  actually  equivalent  to 
treatments  of  those  compoimds. 
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The  potassium  content  of  the  Cumberland  loam  and  (he  Cherohee  sandy  loam 

The  potassium  content  in  toto^  and  the  relative  solubilities  of  the  aggregate 
of  the  potassic  complexes  are  shown  in  table  2.  The  total  potassium  content 
was  obtained  by  the  J.  Lawrence  Smith  disint^ration  procedure,  described 
by  Crookes  (8).  The  N/5  acid  digestion  was  at  room  temperature,  with  fre- 
quent agitations  over  a  period  of  5  hours.  The  HCl  1.115  digestion  was  car- 
ried out  for  10  hours  at  the  temperature  of  boiling  tap  water.  The  two  sam- 
ples of  Cumberland  loam  were  secured  from  approximately  the  same  spotf 
but  at  different  times.  The  two  samples  show  close  concordance  in  their 
amoimts  of  acid-soluble  potassium  and  total  potassium.  The  clay  subsoil 
used  in  tanks  22-44  and  that  used  in  tank  45  were  from  beneath  the  samesoil, 


TABLE  2 


Acid-soluble  and  total  potassium  content  of  Cumberland  loam  and  Cherokee  sandy  loam 

(moisture-free  basis) 


BOIL 

UBKOIN 

TANKS 

NUMBEE 

LABOKA- 
TOBY 

N/5  UNOi  digestkm 

Ha  1.115  digeftkm 
10-gm.  duuse 

J.L.SinitfafiBlQA 

HUIOBK 

Percent 

Poitndi 

per 
2,000.000 
pomulsof 

Percent 

Pounds 

pottnosof 
soU 

Percent 

Pooads 
IjSSfiM 

'   Mil 

3343 

4693 
3224 

Cumberland  loam 

Cumberland  loam 

Subsoil 

1-44 
45-46 
22-44 

45 
50-71 

0.0097 
0.0103 

0.0110 
0.0064 

194 
206 

220 
128 

0.244 
0.248 
0.618 
1.100 
0.243 

4,880 

4,960 

12,360 

22,000 

4,860 

1.004 
1.007 
0.898 
1.445 
0.753 

20,060 
20,140 
17,960 

4694 

Subsoil 

28,900 

4893 

Cherokee  sandy  loam . . . 

15,060 

but  both  could  not  be  secured  from  exactly  the  same  spot  because  of  building 
operations  between  the  periods  of  sampling.  Some  difiference  in  potassium 
content  of  the  two  subsoils  is  indicated  by  the  analyses.  As  would  be  ex- 
pected, the  Cherokee  sandy  loam  reflects  its  type  in  the  potassium  content 
determined  by  the  analyses. 

The  46'tank  lime-magnesia  system  data 
Tables  3  to  14  and  figures  1  to  15 

The  potassium'  determinations  upon  the  several  annual  composites  from  the 
original  46  tanks  are  given  in  tables  3  to  14,  inclusive.  The  results  were  ob- 
tained by  the  use  of  the  colorimetric  method  of  Cameron  and  Failyer  (6),  as 
given  by  Shreiner  and  Failyer  (29).  Each  annual  outgo  of  potassium  from 
both  surface-soil  and  surface-soil-plus-subsoil  tanks  will  be  considered  in  order 
of  sequence. 
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IniUal  annual  period  (tables  3  and  4).  The  volumes  of  leachings  were  fairly 
concordant,  when  the  average  of  the  three  7-tank  surface-soil  batteries  are 

TABLE  3 

Amounts  of  potassium  leached  from  Cumberland  loam,  surface  saU  only,  infidd  lysimeters — 

July,  1914,  to  July,  1915 

Treatxnents  of  CaO,  MgO,  CaCX)i,  lOO-mesh  limestone,  100-mesh  dobmite  and  lOO-mesh 
magnesite,  each  in  amounts  equivalent  to  CaO  at  the  rates  of  8  tons,  32  tons,  and  100  tons 
per  acre  2,000,000  pounds  of  soil 


ntSATMEMT 

TOTAL 

UTRXS 

LEACBXD 

PARTS  na 

imuoiiiN 

SOLUTION 

K 

OKAIfg  FEB 
TANK 

POUIIM  FBI 
ACRK 

TAMK 
MITllBUt 

Material  mixed  with  soil 

Rate  per 

2,000j000 

pounos  of 

soil 

SUIYACB 

2.000,000 

POUMXWOt 
BOIL 

1 

CaO 

8 
o8 
o8 
o8 
o8 
o8 
08 

69.7 

69.2 
74.4 
77.3 
82.0 
67.2 
74.0 

4.98 
3.19 
7.47 
4.58 
3.98 
2.44 
1.84 

0.3472 
0.2205 
0.5557 
0.3542 
0.3267 
0.1639 
0.1363 

15.3 

2 

MgO 

9.7 

3 

CaCOi 

24.5 

4 

MgCOi 

15.6 

5 

Limestone . 

14.5 

6 

IV>lomite 

7.2 

7 

Magnesite 

6.0 

Average 

08 

73.4 

4.07 

0.3006 

13.3 

8 

CaO 

32 
o32 
o32 
o32 
o32 
o32 
o32 

79.8 
74.8 
81.5 
57.0 
81.6 
78.2 
81.7 

4.28 
1.73 
3.98 
2.31 
2.24 
1.73 
2.09 

0.3417 
0.1292 
0.3247 
0.1315 
0.1828 
0.1350 
0.1708 

15.1 

9 

MgO 

5.7 

10 

O^'  •••••.•... * 

CaCOi 

14.3 

11 

MgCOi 

5.8 

12 

Lirnfstone. , .    . 

8.1 

13 

Dolomite 

6.0 

14 

Magnesite 

7.5 

Average 

o32 

76.4 

2.62 

0.2022 

8.9 

15 

CaO 

100 
olOO 
olOO 
olOO 
olOO 
olOO 
OlOO 

79.2 
72.9 
68.5 
61.1 
82.4 
61.0 
71.8 

3.98 
2.59 
2.37 
2.59 
2.37 
5.26 
1.73 

0.3156 
0.1889 
0.1625 
0.1582 
0.1955 
0.3208 
0.1241 

13.9 

16 

MgO 

8.3 

17 

CaCOi 

7.2 

18 

MgCOt 

7.0 

19 

Urnestone 

8.6 

20 

Tiobmite 

14.1 

21 

Magnesite 

5.5 

Average 

OlOO 

71.0 

2.98 

0.2094 

9.2 

Aven 

ige  of  all  treated  tanks 

73.6 

3.22 

0.2371 

10.5 

compared.  The  potassium  concentrations  of  the  leachings  from  the  8-ton 
tanks  average  somewhat  higher  than  do  those  from  the  heavier  treatments  of 
32  and  100  tons.  The  CaO  treatments  appear  to  have  exerted  a  greater  ten- 
dency toward  potassium  outgo  than  did  the  corresponding  MgO  treatments. 
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TABLE  4 

Amounts  of  potassium  leached  from  Cumberland  loam,  surface  soil  and  subsoil,  infidd  lystmeUrs — 

July,  1914,  to  July,  1915 

Treatments  of  CaO,  MgO,  CaCOi,  MgCOs,  100-mesh  limeslone,  lOO-mesh  dolomite 
and  100-mesh  magnesite,  each  in  amounts  equivalent  to  CaO  at  the  rates  of  8  tons,  32  tons 
and  100  tons  per  acre  2,000,000  pounds  of  soil — also  woUastonite  and  serpentine  at  the  rates 
of  32  tons 


TOTAL 

LITRES 

LKACHim 

PASTS  PSK 

MILLION  IN 

SOLimON 

K 

OSAM.S  PEA 
TANK 

POUNDS  PEE 
ACRE 

TAHK 

mniBKB. 

Material  mixed  with  larface  toil 

Rate  per 

2,000.000 

pounasof 

soil 

SUEPACE 

2,000,000 

POUNDS  OP 
SOIL 

22 

CaO 

tons 

8 
o8 
08 
08 
08 
08 
08 

73.2 
66.4 
76.6 
55.4 
63.3 
67.0 
75.4 

5.48 
5.38 
3.98 
5.98 
4.98 
5.98 
4.28 

0.4008 
0.3569 
0.3050 
0.3309 
0.3153 
0.4006 
0.3229 

17.7 

23 

MgO 

15.8 

24 

CaCOi 

13.5 

2S 

MgCOi 

14.6 

26 

T^imestone 

13.9 

27 

"nolomite 

17.7 

28 

^agnesite 

14.2 

Average 

08 

68.2 

5.15 

0.3475 

15.3 

29 

CaO 

32 
o32 
032 
o32 
o32 
o32 
o32 

73.2 
62.7 
72.3 
84.6 
71.1 
75.2 
84.2 

4.58 
5.98 
5.07 
5.48 
4.98 
4.28 
3.98 

0.3352 
0.3749 
0.4825 
0.4636 
0.3542 
0.3222 
0.3354 

14.8 

30 

MgO 

16.5 

31 

CaCOi 

21.3 

32 

MgCOi 

20.4 

33 

limestone 

15.6 

34 

DolomUe 

14.2 

35 

Magnesite 

14.8 

Average 

o32 

74.8 

4.91 

0.3811 

16.8 

36 

CaO 

100 
olOO 
olOO 
olOO 
OlOO 
OlOO 
OlOO 

87.5 
90.2 
54.7 
55.5 
91.7 
80.1 
62.4 

4.28 
4.28 
4.98 
1.33 
7.47 
5.48 
3.98 

0.3747 
0.3862 
0.2724 
0.0737 
0.6848 
0.4387 
0.2488 

16.5 

37 

MgO 

17.0 

38 

o^^ 

CaCO, 

12.0 

39 

MgCOi 

3.3 

40 

limestone 

30.2 

41 

DolomUe 

19.3 

42 

Magnesite 

11.0 

Average 

OlOO 

74.6 

4.54 

0.3542 

15.6 

43 

WoUastonite 

32 
32 

80.1 
85.3 

5.48 
3.98 

0.4390 
0.4245 

19.4 

44 

Seipent'ne 

18.7 

Aven 
44 

ige  of  treated  tanks,  except  no. 

43  and 

72.5 

4.87 

0.3609 

15.9 

w.  H.  iiAcnmsE 
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Sowever,  the  extent  of  potassium  leaching  was  not  great  in  any  instance,  the 
nazimum  average  being  but  13.3  pounds  per  2,000,000  pounds  of  soil.  While 
he  blank  was  not  included  during  the  initial  two  years,  the  first  annual  analy- 
ds  of  leachings  from  the  untreated  surface  soil  showed  an  outgo  of  28.2 
x>unds  during  the  third  year,  as  against  46.7  pounds  from  the  subsoil  tank; 
lowever,  the  average  of  the  21  treated  surface-soil  tanks  gave  a  volume  leached 
>f  167.6  litres  for  the  third  year,  as  compared  to  a  corresponding  average  of 
^3.6  litres  for  the  initial  year.  These  comparisons  would  indicate  no  potash 
iberation,  if  not  an  actual  depressed  outgo  during  the  initial  year,  as  a  result 
>f  surface-soil  treatment  without  underlying  subsoil. 

A  comparison  between  the  21  surface-soil  tanks  and  the  correspondingly 
ireated  tanks  containing  subsoil  shows  a  slightly  less  average  volume  leaching, 
>ut  a  heavier  average  outgo  of  potassium.  As  a  whole,  the  subsoil  tanks  gave 
in  average  potassium  outgo  of  15.9  pounds  against  an  average  of  but  10.5 
x>imds  for  the  siuiace  soil.  The  most  outstanding  exception  to  this  relation- 
>hip  is  that  of  tank  39,  which  suffered  a  loss  of  but  3.3  poimds  of  potassiiun. 
lowever,  because  of  the  ameliorating  effects  induced  by  screening  and  placing, 
Jie  results  of  the  first  year  would  hardly  be  considered  as  representing  the 
lormal  relationship  between  the  soils  of  the  deep  and  shallow  tanks.  The 
lata  indicate  that,  during  the  initial  year,  the  effect  of  screening  and  placing 
he  subsoil  was  to  accelerate  its  tendency  to  3deld  potassium  to  solution,  rather 
Jian  to  enhance  its  absorptive  properties. 

Second  annual  period  {tables  5  and  6).  During  the  second  year  of  exposure, 
he  potassium  leachings  from  the  surface-soil  and  subsoil  tanks  were  more 
learly  equivalent.  The  average  outgo  from  the  seven  surface-soil  tanks,  each 
eceiving  8-ton  CaO  equivalence,  was  10.3  pounds  as  compared  with  12.9 
x)imds  for  the  corresponding  deep  cans;  while  the  32-ton  surface  tanks  jrielded 
^9  pounds  as  an  average  against  14.4  pounds  for  the  corresponding  subsoil 
anks.  On  the  other  hand,  the  100-ton  treatments  gave  practically  identical 
Lverages,  namely,  13.2  pounds  and  13.1  pounds,  respectively,  for  the  corre- 
sponding surface-soil-subsoil  tanks.  The  second  annual  period  gave  16.9 
)oimds  for  the  surface-soil  blank  as  against  16.1  pounds  for  the  subsoil  blank, 
rhe  difference  between  the  results  induced  by  the  CaO  and  MgO  treatments 
^ras  not  nearly  so  marked  nor  extensive  during  the  second  year,  especially  in 
he  case  of  the  subsoil  tanks. 

All  of  the  tanks  have  been  analyzed  at  several  periods  for  occurrences  of 
esidual  CaCOs.  The  results  showing  these  residual  occurrences  have  been 
•ffered  by|the  writer  (21).  These  data  demonstrate  that  during  most  of  thefirst 
'ear  and  thereafter,  the  8-ton  CaO  treatments  may  be  considered  as  being 
ientical  to  treatments  of  CaCOs,  all  of  the  oxide  having  reverted  to  the 
arbonate.  The  MgO  and  MgCOs  8-ton  treatments,  however,  do  not  maintain 
he  same  parallel  in  carbonation.  These  results  are  to  be  later  offered  in  detail, 
uffice  it  to  say  that  the  applied  MgCOs  had  undergone  practically  complete 
iisintegration,  resulting  in  liberation  of  COs  and  fixation  of  magnesium;  while 

•on.  KiKifcx,  VOL.  vm,  no.  5 
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TABLE  S 
mnis  of  poiassium  leached  from  Cumberland  loam^  surface  soU  only,  in  field  lysimeters — 

July,  1915,  to  July,  1916 

freatments  of  CaO,  MgO,  CaCOt,  MgCOi,  100-mesh  limestone,  lOO-mesh  dolomite  and 
-mesh  magnesite,  each  in  amounts  equivalent  to  CaO  at  the  rates  of  8  tons,  32  tons  and 
tons  per  acre,  2,000,000  pounds  of  soil 


TaSATMENT 

TOTAL 

untis 

LEACHED 

PASTS  PES 

MILLION  nr 

80LXJTIOH 

K 

OSAMSPBS 
TAME 

POUNDS  PES 
ACSE 

BES 

Material  mixed  with  soil 

Rate  per 
2/)00.000 

pOttlKUOf 

toil 

8USPACE 

2.000,000 
POUNDS  or 

SOIL 

1 

CaO 

tans 

8 
o8 
o8 
o8 
o8 
o8 
o8 

136.8 

116.3 
116.7 
143.7 
129.2 
107.7 
130.0 

1.99 
2.21 
1.48 
2.09 
1.59 
1.81 
1.81 

0.2725 
0.2567 
0.1716 
0.3005 
0.2058 
0.1948 
0.2352 

12.0 

2 

MgO 

11.3 

3 

CaCOi 

7.6 

4 

MffCOi 

13.3 

5 

9.1 

6 

Dolomite. 

8.6 

7 

Magnesite 

10.4 

o8 

125.8 

1.85 

0.2339 

10.3 

R 

CaO 

32 
o32 
o32 
o32 
o32 
o32 
o32 

113.9 
108.1 
118.5 
98.9 
124.7 
127.0 
137.7 

2.32 
1.81 
3.02 
1.48 
1.48 
1.81 
1.43 

0.2638 
0.1956 
0.3580 
0.1461 
0.1842 
0.2298 
0.1965 

11.6 

9 

MgO 

8.6 

0 

CaCOi 

15.8 

1 

MgCOi 

6.4 

2 

Limestone 

8.1 

3 

Dolomite 

10.1 

4 

Maenesite 

8.7 

Averase 

o32 

118.4 

1.91 

0.2249 

9.9 

5 

CaO 

100 
olOO 
olOO 
olOO 
olOO 
olOO 
olOO 

107.4 
96.5 
104.1 
96.9 
121.3 
112.0 
132.5 

3.32 
2.12 
3.62 
3.32 
2.34 
2.12 
2.49 

0.3566 
0.2019 
0.3767 
0.3217 
0.2839 
0.2342 
0.3299 

15.7 

6 

MgO 

8.9 

7 

CaCOi 

16.6 

8 

MgCOi 

14.2 

9 

12.5 

0  . 

Dolomite 

10.3 

1 

14.5 

• 

olOO 

110.1 

2.76 

0.3007 

13.2 

Lvei 

118.1 

2.17 

0.2532 

11.1 

f  carbonation  of  MgO  was  followed  by  the  disintegration  of  the  resultant 
bonate.  Therefore,  during  most  of  the  first  year  and  thereafter,  the  8-ton 
rO  and  MgCOs  treatments  are  in  effect  treatments  of  freshly  formed  mag- 
dum  silicates,  of  simple  or  complex  nature.  The  32-tpn  and  100-ton  MgO 
1  MgCOs  treatments,  however,  are  in  excess  of  the  amounts  which  the  soil 
s  capable  of  disintegrating.  In  these  cases  the  treatments  represent  MgO, 
>bably  some  magnesium  hydrate,  basic  carbonate  and  silicate,  the  latter 
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TABLE  6 

Amounts  of  potassium  leached  from  Cumberland  loam,  surface  soil  and  subsoil,  in  field 

lysimeters—July,  1915,  to  July,  1916 

rreatments  of  CaO,  MgO,  CaCQi,  MgCOi,  lOO-meah  limestone,  100-mesh  dolomite  and 
•mesh  magnesite,  each  in  amounts  equivalent  to  CaO  at  the  rates  of  8  tons,  32  tons  and 
tons  per  acre  2,000,000  pounds  of  soil;  also  woUastonite  and  serpentine  at  the  rate  of 
x>ns 


nXATKBMT 

TOTAL 
LEACHED 

FAET8 
PEKKILUOM 

nr 

SOLUTION 
K 

OlAMS 
PEE  TAME 

POUMM   PEE 
ACEE 

Material  mixed  with  surface  toil 

Rate  per 

2.000,000 

pounasof 

soil 

SUBYACE 

2/M)0.000 

POtniDS  OF 
SOIL 

2 

• 

CaO 

Urns 

8 
o8 
o8 
o8 
o8 
o8 
o8 

121.8 

117.5 
120.4 
114.0 
114.0 
119.5 
128.3 

2.65 
2.65 
2.09 
2.65 
2.34 
2.65 
2.34 

0.3224 
0.3111 
0.2518 
0.3019 
0.2668 
0.3164 
0.3002 

14.2 

3 

MgO 

13.7 

4 

CaCd 

11.1 

5 

MffCOk 

13.3 

6 

I jbnestone r , 

10.9 

7 

Dolomite 

14.0 

8 

Magnesite 

13.2 

Averase 

o8 

119.3 

2.62 

0.2958 

12.9 

9 

CaO 

32 
o32 
o32 
o32 
o32 
o32 
o32 

108.9 
108.0 
110.4 
109.6 
109.5 
116.7 
113.7 

3.98 
3.98 
2.65 
2.84 
3.07 
2.34 
1.81 

0.4338 
0.4303 
0.2923 
0.3111 
0.3363 
0.2732 
0.2058 

19.1 

0 

MgO 

19.0 

1 

CaCO» 

12.9 

2 

MffCOt 

13.7 

3 

Irfimestone 

14.8 

4 

Dolomite 

12.0 

5 

Magnesite 

9.1 

Average 

o32 

111.0 

2.65 

0.3261 

14.4 

6 

CaO 

100 
olOO 
olOO 
olOO 
olOO 
olOO 
OlOO 

121.5 
106.5 
104.3 
93.3 
117.7 
126.7 
114.5 

2.21 
3.32 
1.81 
3.02 
2.49 
2.49 
3.32 

0.2683 
0.3536 
0.1887 
0.2819 
0.2931 
0.3155 
0.3801 

11.8 

7 

MgO 

15.6 

8 

CaCOi 

8.3 

9 

MgCOi 

12.4 

0 

Limestone 

12.9 

1 

Dolomite 

13.9 
16.8 

2 

Magnesite 

OlOO 

112.1 

2.66 

0.2973 

13.1 

3 

32 
32 

135.2 
136.5 

2.84 
1.99 

0.3839 
0.2719 

16.9 

4 

Serpen  tine 

12.0 

iver 
44 

age  of  treated  tanks,  except  n( 

D.  43  and 

114.1 

2.64 

0.3064 

13.5 

' 

jLt 


Fig.  9.  PkxopttAXED  MgCO*  TsxAntuns,  Subvacb-Soil-Stibsoil  Tamks, 
CUIfBEKUND  Loui 
T-  total;  nufflbera  icfa  to  amiDal  periods 
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being  in  excess  of  equivalence  to  the  amount  of  calcium  silicate  formed  by 
applications  of  lime  in  amounts  chemically  equivalent  to  the  applied  magnesia 
and  magnesium  carbonate. 

Again  in  the  second  annual  period,  the  tendency  of  the  subsoil  to  3rield  po- 
tassium, and  thereby  increase  the  outgo  passing  from  the  surface  soil,  seems 
to  have  been  augmented  beyond  any  enhancement  of  its  tendency  to  absorb 
the  potassium  passing  downward. 

Third  annual  period  {tables  7  and  8).  During  the  third  annual  period  the 
8-ton  surface-soil  tanks  gave  a  fairly  uniform  outgo  of  potassium  and  an  av- 
erage practically  identical  with  that  of  the  corresponding  subsoil  tanks.  No 
outstanding  relationship  appeared  for  these  two  sets  of  seven  each  during  this 
period.  All  of  the  CaO  had  become  carbonated,  considerably  prior  to  the  end 
of  the  initial  annual  period,  as  was  pointed  out  in  the  discussion  of  the  second 
^rear's  results  from  the  8-ton  calcium  and  magnesium  oxide  and  carbonate 
tanks.  In  this  period,  however,  the  effect  of  the  hydrated  lime  is  distinctly 
manifested  in  the  case  of  the  32-ton  and  100-ton  tanks,  in  both  of  which  treat- 
ments a  large  part  of  the  applied  lime  had  still  remained  in  thesoUd  hydrate 
phase.  The  third  year  was  an  exceptionally  wet  period  and  the  soil  was 
edmost  continuously  subjected  to  the  intense  treatment  of  digestion  with  solu- 
tions of  Ca(OH)s.  But,  if  we  delete  the  data  obtained  from  the  analyses  of 
the  leachings  of  tanks  8  and  15,  in  averaging  the  results  from  the  three  batteries, 
we  have  13.7  pounds  as  an  average  from  the  seven  8-ton  surface-soil  tanks,  as 
against  16.1  pounds  and  13.3  pounds,  respectively,  from  the  averages  derived 
from  leachings  obtained  from  6  tanks  each  of  the  32-ton  and  100-ton  treat- 
ments. Excepting  tanks  8  and  15,  in  no  case  has  any  one  of  the  lime-  or  mag- 
nesia-treated tanks  given  an  outgo  of  potassium  equivalent  to  that  of  the  blank- 
treatment,  check.  There  are  no  consistent  or  outstanding  variations  induced 
by  the  several  treatments,  other  than  the  exception  above  noted;  and,  if  from 
the  average  we  exclude  the  data  derived  from  the  leachings  secured  from  the 
two  tanks  8  and  15,  we  have  as  an  average  from  19  calcic  and  magnesic  treat- 
ments 14.3  pounds  as  against  the  28.2  pounds  outgo  of  the  no-treatment  tank. 

In  comparing  the  surface-soil  tanks  with  the  surface-subsoil  tanks,  we  have 
respective  averages  of  13.7  pounds  and  13.8  pounds  for  the  8-ton  treatments; 
16.1  pounds  and  16.5  pounds,  respectively,  for  the  32-ton  tanks  and  13.3  pounds 
and  15.6  pounds,  respectively,  for  the  100-ton  treatments,  the  32-ton  CaO 
and  the  100-ton  CaO  tanks  being  omitted  from  the  latter  two  averages  in  the 
case  of  the  surface  soil.  Thus,  in  the  treatments  other  than  the  two  excep- 
tions noted,  the  underl3dng  subsoil  has  not  determinably  altered  the  potassium 
salt  concentration  of  the  leachings  from  the  surface  soil.  However,  the  es- 
topping tendency  of  the  subsoil  is  distinctly  manifested  in  the  case  of  the  32- 
ton  and  100-ton  tanks  no.  29  and  36.  Assuming  the  same  outgo  of  potassium 
from  identically  treated  portions  of  surface  soil  with  and  without  underlying 
subsoil,  we  find  that  tank  29  has  fixed  31.3  pounds,  the  difference  between  50.4 
pounds  (tank  8)  and  19.1  pounds  (tank  29).    On  the  same  assumption,  the 
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Fxo.  11.  100-Mesh  Limestone  Treatments,  Sxtutage-Soxl-Subsoil  Tames, 

CUMBEKLAND  LOAM 

T a  total;  numbers  refer  to  annual  periods 
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Fio.  12.  100-Mesh  DoLomTE  Treatments,  Surface-Soil-Only  Tanks, 

Cumberland  Loam 
T»  total;  numbers  refer  to  annual  periods 
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TABLE  7 

Amounts  of  poiassium  leached  from  Cumberland  loam,  surface  soil  only,  in  field  lysimeters^ 

July,  1916,  to  Jtdy,  1917 

Treatments  of  CaO,  MgO,  CaCX)^,  MgCOt,  lOO-mesh  limestone,  100-mesh  dolcmite  and 
100-meah  magnesite,  each  In  amounts  equivalent  to  GaO  at  the  rates  of  8  tons,  32  tons  and 
100  tons  per  acre  2,000,000  pounds  of  soil 


nxAmnrT 

TOTAL 

FARTSV 

m 

80LUT10H 

K 

OKAMS 
PXa  TANK 

POUNDS  pia 

ACIK 

TANK 
HUMBIS 

Material  mixed  with  toil 

Rate  per 

2»000,000 

pounasof 

•oil 

irarACB 

2.000/)00 

louNDs  or 

SOIL 

1 

CaO 

tcms 

8 
o8 
o8 
o8 
o8 
o8 
o8 

170.1 

172.5 
165.6 
193.5 
180.1 
139.9 
185.5 

2.17 
1.40 
1.71 
1.38 
2.18 
1.69 
2.04 

0.3691 
0.2415 
0.2832 
0.2670 
0.3926 
0.2364 
0.3784 

16.3 

2 

MgO 

10.7 

3 

CaCOi 

12.5 

4 

MgCOt 

11.8 

5 

limestone 

17.3 

6 

Dolomite 

10.4 

7 

Magnesite 

16.7 

Average 

o8 

172.5 

1.80 

0.3097 

13.7 

8 

CaO 

32 
o32 
o32 
o32 
o32 
o32 
o32 

167.0 
164.4 
181.6 
149.5 
185.9 
175.3 
197.3 

6.85 
1.59 
2.35 
2.06 
2.25 
2.12 
2.06 

1.1439 
0.2614 
0.4268 
0.3080 
0.4183 
0.3716 
0.4064 

50.4 

9 

MgO 

11.5 

10 

O^'  ....................... 

CaCOi 

18.8 

11 

MgCOi 

13.6 

12 

Limestone ..... 

18.4 

13 

Dolomite .• 

16.4. 

14 

Magnesite 

17.9 

Average 

o32 

174.4 

2.75 
2.07t 

0.4738 
0.3654t 

21.0 

(16.1)t 

15 

CaO 

100 
olOO 
olOO 
olOO 
olOO 
olOO 
olOO 

150.7 
136.2 
163.7 
143.2 
168.8 
157.3 
172.4 

18.88 
1.55 
2.70 
1.38 
1.74 
1.65 
2.33 

2.8452 
0.2111 
0.4420 
0.1976 
0.2937 
0.2595 
0.4017 

125.5 

161 
17 

MgO 

9.3 

o^* • 

CaCOi 

19.5 

18 

MgCOi 

8.7 

19 

Limestone 

13.0 

20 

Dolomite 

11.4 

21 

Magnesite 

17.7 

Average 

olOO 

156.0 

4.32 
1.89* 

0.6644 
0.3009* 

29.3 

(13.3)* 

46 

Blank 

192.5 

4.03 

0.6404 

28.2 

Aver 

ase  of  all  treated  tanks 

167.6 

2.96 
1.39r 

0.4826 
0. 32451* 

21. 4t 

(14.3)* 

t  Average  not  including  tank  8,  CaO  32  tons. 
*  Average  not  including  tank  15,  CaO  100  tons. 
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nc  13.  100-Mesh  Dolomite  Tbxathents,  Suuack-Soil-Subsoil  Tanks, 

CCMBZBUun)  LoAU 

T— total;  numben  lefer  to  annual  periods 
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Fig.  14.  100-Mzsb  Maoneshx  Tkeatuents,  Subtacz-Soil-Ohly  Tahxb 

CuuBEKLAND  Loan 

T^total;  numbers  refer  to  annual  periods 
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TABLES 

Amounis  of  potassium  leached  from  Cumberland  loam,  surface  soil  and  subsoil,  in  field 

lysimeUrs—  July,  1916,  to  July,  1917 

^eatments  of  CaO,  MgO,  CaCOi,  MgCOi,  100-mesh  limestone,  100-mesh  dobmite  and 
ooesh  magnesite,  each  in  amounts  equivalent  to  CaO,  at  the  rates  of  8  tons,  32  tons  and 
tons  per  acre  2,000,000  pounds  of  soil;  also  Wollastonite  and  Serpentine  at  the  rate  of 
3ns 


nSATMnCT 

TOTAL 
LTTBIS 

PASTS 

PEKIOLUOM 

IN 

SOLUTION 

K 

OlAMS 
VEM.  TANK 

FOUNDS  RE 
AOIS 

m 

MaterijU  mixed  with  surface  soil 

Rate  per 

2.000.000 

pounds  of 

soil 

SUaVACB 

2,000,000 

POUNDS  or 

son. 

1 

CaO 

Urns 

8 
o8 
o8 
o8 
o8 
o8 
o8 

173.7 
169.9 
180.8 
171.1 
171.3 
173.1 
162.4 

1.28 
1.37 
1.05 
2.90 
2.14 
2.30 
2.22 

0.2223 
0.2328 
0.1898 
0.4202 
0.3665 
0.3981 
0.3605 

9.8 

; 

MgO 

10.3 

> 

o^' 

CaCOi 

8.4 

> 

MgCOi 

18.5 

\ 

Limestone 

16.2 

f 

T)olomite 

17.6 

1 

Magnesite 

15.9 

Averase 

o8 

171.7 

1.89 

0.3129 

13.8 

i 

1 

CaO 

32 
o32 
o32 
o32 
o32 
o32 
o32 

157.3 
154.6 
173.1 
161.0 
163.2 
172.7 
186.4 

2.76 
2.56 
2.19 
2.22 
2.10 
1.85 
2.12 

0.4341 
0.3958 
0.3791 
0.3574 
0.3427 
0.3195 
0.3952 

19.1 

1 

MgO 

17.5 

CaCOs 

16.7 

» 

MgCOi 

15.8 

; 

Limestone 

15.1 

t 

T)ol"mite 

14.1 

> 

Magnesite 

17.4 

Average. 

o32 

166.9 

2.26 

0.3748 

16.5 

1 

CaO 

100 
olOO 
olOO 
olOO 
olOO 
OlOO 
OlOO 

163.1 
163.6 
165.4 
151.8 
178.0 
179.4 
183.1 

1.52 
2.40 
1.84 
2.13 
2.05 
2.37 
3.14 

0.2479 
0.3926 
0.3043 
0.3233 
0.3649 
0.4252 
0.4113 

10.9 

t 

MgO 

17.3 

; 

o^'  ..•• 

CaCOi 

13.4 

) 

MgCOs 

14.3 

1 

Limestone 

16.1 

18.8 

» 

Magnesite 

18.2 

Average 

OlOO 

169.2 

2.21 

0.3528 

15.6 

; 

Wollastonite 

32 
32 

189.0 
183.3 

4.49 
2.65 

0.8486 
0.4857 

37.4 

\ 

Seroentine 

21.4 

9 

WaflV.. 

165.5 

6.40 

1.0592 

46.7 

verage  of  treated  tanks  except  no. ' 

13  and  44. 

169.3 

2.12 

0.3468 

15.3 

364 


V.   H.   ICaCINTISE 


outgo  of  125.5  pounds  ftom  tank  15  (surface  soil  only)  has  been  decreased  to 
10.9  pounds  thiougb  the  absorption  of  potas^um  by  the  subsoil  in  tank  36. 
This  is  equivalent  to  an  estoppage  of  1146  pounds  for  this  annual  period. 
Not  only  has  the  subsoil  absorbed  potassium  salts,  but  all  downward  moving 
caldum  hydroxide  has  also  been  stopped.  It  would  be  e^iected  that  the  leach- 
ings  from  the  heavily  treated  CaO  tank  would  be  practically  saturated  with 
Ca(OH)}  many  times  during  tbe  period  oi  over  5  years;  however,  during  this 
period  hydroxide  has  failed  to  come  through  the  stratum  of  subsoil. 


It 


hk 


u 


Fio.  15.  100-Mesr  Macnestte  Tkeatuemts,  SusrACz-SoiL.SDBSon.  Tanks, 

CnvBESLAiTD  Lout 

T'toUl;  numbera  lefer  to  annual  periods 

Fourlk  annual  period  (tables  9  and  10).  This  annual  period  was  very  much 
drier  than  the  preceding  one.  The  restricted  opportunity  for  hydroly^  <rf 
the  potassic  silicates  is  uniformly  demonstrated  for  all  treatments.  During 
this  year,  very  little,  if  any,  hydroxide  was  present  in  tank  8,  most,  if  not  all, 
having  undergone  reversion  to  carbonate  by  Jidy,  1917.  However,  consid- 
erable hydroxide  still  leached  from  the  surface  soil  containing  the  100-ton  CaO 
treatment.  The  group  averages  of  potassium  leachings  from  the  shallow  tanks 
were  6.6  pounds,  7.6  pounds  and  7.2  pounds,  respectively  for  the  8-,  32-  and 
100-ton  treatments,  tank  15  not  being  included  in  the  last  average.  With  no. 
15  included,  the  average  of  the  100-ton  equivalent  tanks  becomes  11,2  pounds 
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TABLE  9 

AmauMis  of  potassium  hacked  from  CumberUmd  loamf  smjace  soU  otdy,  inJUId 

July,  1917,  to  Juh,  MS 

lYeatments  of  CaO,  MgO,  GaCXV  MgCOt,  100-mesh  Umestone,  100-mesh  dobmite  and 
100-mesh  magnentey  each  in  amounts  equivalent  to  GaO  at  tlie  rates  oi  8  tons,  32  tons  and 
100  tons  per  acre  2,000,000  pounds  of  soil 


nXATKBMT 

TOTAL 

FAETt 

m 
Boiunoii 

K 

PUTAMX 

pomiDt  raa 
Acmt 

XAXK 

■njioxa 

Material  mizad  with  toil 

Rate  per 

IflOOMO 

poonai  <d 

•oU 

tUtMACE 

2flfH)fiOO 

poumw  ov 

■on 

1 

CaO 

hms 

8 
o8 
o8 
o8 
o8 
o8 
o8 

81.5 

70.9 
86.5 
89.2 
84.1 
75.2 
82.4 

1.42 
1.88 
1.98 
1.51 
2.02 
2.16 
2.02 

0.1158 
0.1333 
0.1713 
0.1347 
0.1699 
0.1624 
0.1664 

5.1 

2 

MgO 

5.9 

3 

^^O^' 

CaCOi 

7.6 

4 

MgCOi 

5.9 

5 

limestone 

7.5 

6 

Dolomite 

7.2 

7 

Magnesite 

7.3 

Averaee 

o8 

81.4 

1.86 

0.1505 

6.6 

8 

CaO 

32 
o32 
o32 
o32 
o32 
o32 
o32 

71.9 
74.3 
76.8 
74.9 
92.7 
84.6 
90.2 

2.06 
1.80 
3.34 
1.72 
1.98 
2.34 
1.84 

0.1481 
0.1337 
0.2565 
0.1288 
0.1835 
0.1980 
0.1660 

6.5 

9 

MgO 

5.9 

10 

^^o^'  ••••••••■••••*••••••••• 

CaCOi 

11.3 

11 

MffCOt 

5.7 

12 

LJmestone 

8.1 

13 

TV)lomite. 

8.7 

14 

Magnesite 

7.3 

o32 

80.8 

2.15 

0.1735 

7.6 

15 

CaO 

100 
olOO 
olOO 
olOO 
OlOO 
OlOO 
OlOO 

45.4 
55.4 
66.5 
54.6 
68.9 
65.8 
74.3 

17.56 
2.54 
2.00 
1.82 
3.18 
2.10 
3.32 

0.7972 
0.1407 
0.1330 
0.0994 
0.2191 
0.1382 
0.2467 

35.2 

16 

MgO 

6.2 

17 

^^^O^'  •«•• 

CaCOi 

5.9 

18 

MgCOi 

4.4 

19 

Limestone 

9.7 

20 

T>olomite. 

6.1 

21 

Macnesite 

10.9 

Average 

OlOO 

61.6 

4.65 
(2.48)* 

0.2535 
(0.1217)* 

11.2 

(7.2)* 

46 

WaflV 

109.6 

3.50 

0.3836 

16.9 

Aver 
Aver 

axe  of  all  treated  tanks 

74.6 

2.89 
2.16 

0.1925 
0.1486 

8.5 

age  of  treated  tanks,  except  no. 

15 

7.1 

*  Average  not  including  tank  15. 
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TABLE  10 

AmoutUs  of  potassium  leached  from  Cumberland  loam,  surface  soil  and  subsoil,  inJuU 

lysimeUrs^  July,  1917,  to  July,  1918 

Treatments  of  CaO,  MgO,  CaCOi,  MgCOt,  100-mesh  limestone,  100-mesh  dolomite  and 
100-mesh  magnesite,  each  in  amounts  equivalent  to  CaO  at  the  rates  of  8  tons,  32  tons  and 
100  tons  per  acre  2,000,000  pounds  of  soil;  also  woUastonite  and  serpentine  at  the  rate  ol 
32  tons 


tucatmuct 

TOTAL 
UTEKS 

FA1I8 
PBEIOUIOK 
Of      * 
tOLimOH 

K 

GiAia 

PiaTAMX 

ffouMDS  na 

acts 

tuuracB 

2,000  jOOO 

loininior 

SOIL 

TANK 

NUMBSa 

Material  mixed  with  surface  sol 

Rate  per 

2,000.000 

pounds  of 

soil 

22 

CaO 

iams 
8 

o8 
o8 
o8 
o8 
o8 
o8 

89.5 
85.3 
82.0 
84.5 
84.7 
83.8 
68.4 

1.82 
2.98 
2.84 
1.96 
2.90 
2.38 
2.46 

0.1629 
0.2542 
0.2329 
0.1656 
0.2456 
0.1994 
0.1683 

7.2 
11.2 
10.3 

7.3 
10.8 

8.8 

7.4 

23 

MgO 

24 

CaCOi 

25 

MeCOi 

26 

Limestone. ................. 

27 

T^olomite.  r 

28 

Maffnesite 

Average 

o8 

82.6 

2.48 

0.2041 

9.0 

29 

CaO 

32 
o32 
o32 
o32 
o32 
o32 
o32 

75.9 
88.6 
85.3 
102.9 
86.2 
84.6 
96.1 

3.34 
2.54 
2.66 
2.20 
2.60 
2.26 
2.49 

0.2535 
0.2250 
0.2269 
0.2264 
0.2241 
0.1911 
0.2393 

11.2 
9.9 

10.0 

10.0 
9.9 
8.4 

10.6 

30 

MgO 

31 

*^*o^^ 

CaCOi 

32 

MgCOi 

33 

Limestone 

34 

Dolomite . , T , 

35 

Masnesite 

Average 

o  32 

88.5 

2.58 

0.2266 

10.0 

_^__ 

36 

CaO 

100 
olOO 
olOO 
olOO 
olOO 
OlOO 
OlOO 

82.4 
75.3 
80.2 
74.4 
88.3 
82.4 
94.1 

2.68 
1.90 
2.16 
1.32 
1.86 
3.76 
2.42 

0.2208 
0.1431 
0.1732 
0.0982 
0.1642 
0.3098 
0.2277 

9.7 
6.3 
7.6 
4.3 
7.2 
13.7 
10.0 

37 

MgO 

38 

CaCOi 

39 

MgCOi 

40 

Limestone 

41 

Dolomite 

42 

Masmesite 

. — 

Average 

olOO 

82.4 

2.30 

0.1910 

9.5 

0. 

43 

Wollastonlte 

32 
32 

89.8 
103.3 

2.02 
3.27 

0.1814 
0.3378 

8.0 
14.9 

44 

SefDentine 

45 

Blank 

69.2 

5.28 

0.3654 

16.1 

Avei 
an 

age   of   treated    tanks    excep 
d44 

t    no.  43 

84.5 

2.45 

0.2072 

9.5 
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instead  of  7.2  pounds.  The  sxirface-soil  tanks  gave  a  grand  average  of  8.5 
pounds  as  compared  with  9.5  pounds  for  the  suiface-soil-subsoil  tanks.  The 
liberation  and  leaching  of  potassium  was  still  evidenced  in  the  case  of  the  100- 
ton  tank  no.  15,  although  the  outgo  was  less  than  in  the  more  hiunid  preceding 
annual  period.  The  function  of  the  subsoil  in  absorbing  the  potassium  liber- 
ated and  leached  from  the  surface  soil  was  again  manifested.  The  average  loss 
of  potassium  from  the  21  treated  surface-soil  tanks  was  only  about  one-half 
that  of  the  blank.  The  same  was  true  in  the  case  of  the  comparison  between 
the  treated  surface-soil-subsoil  tanks  and  their  blank.  During  this  period, 
as  in  the  preceding  annual  periods,  the  increase  in  the  rate  of  treatments 
induced  no  augmentation  in  the  potassium  outgo,  except  in  the  case  of  burnt 
lime  at  the  rate  of  100  tons. 

Fifth  annual  period  {tables  11  and  12).  Again  in  this  period  there  is  effected 
no  consistent  difference  in  potassivun  outgo  to  be  attributed  to  variation  in  form 
or  amount  of  treatment,  for  either  the  shallow  or  deep  tanks,  except  once  more 
in  the  case  of  the  100-ton  CaO  treatment  and  possibly  also  in  the  apparent  paral- 
lel between  the  increase  of  MgCOs  treatment  and  depression  of  potassium 
leachings  therefrom.  Here  again  the  potassium  outgo  from  the  deep  tank 
which  received  burnt  lime  at  the  rate  of  100  tons  per  acre  is  decidedly  less 
than  in  the  case  of  the  corresponding  shallow  tank.  The  continued  tendency  of 
both  lime  and  magnesia  treatments  to  effect  restriction  of  potassium  outgo  is 
evidenced  by  the  diminished  amounts  of  potassium  leached  from  the  treat- 
ments, as  compared  with  that  from  the  untreated  soil.  This  holds  true  for 
both  depths.  The  analyses  of  both  shallow  and  deep  tank  leachings  for  salts 
of  caldum  and  magnesium  demonstrate  that  the  surface  soil  has  yidded  large 
amounts  of  the  salts  of  these  two  elements  to  the  subsoil  and  that  (he  subsoil 
has  stopped  and  in  most  cases  still  stops  the  salts  yielded  to  it  by  the  surface 
soil.  Hence,  it  would  be  expected  that  the  parallel  of  depressed  potassium 
outgo  and  the  continued  occiurence  of  solutions  of  lime  and  magnesia  salts — 
with  their  probably  or  possibly  continued  absorption  by  the  surface  soil — 
would  have  been  transmitted  ere  this  in  some  measure  also  to  the  subsoil. 

Summary  of  potassium  outgo  data  secured  during  the  5-year  period.  The 
results  of  the  5-year  period  are  shown  graphically  for  each  annual  period  and 
for  the  total  period  in  figures  1  to  15,  inclusive.  All  the  figures,  except  figure 
2,  are  in  the  same  scale.  The  heavy  outgo  of  potassium  from  the  two  heavy 
CaO  surface-soil  tanks  necessitated  the  adoption  of  the  different  scale  used  in 
this  particular  figure. 

Considering  tables  13  and  14,  which  embody  the  summation  of  the  data  ob- 
tained during  the  5-year  period,  we  find  a  very  uniform  outgo  of  potassium 
Irrespective  of  form  or  amount  of  treatment,  save  only  in  the  instances  of  the 
two  heavier  burnt  lime  treatments.  The  average  potassium  outgo  from  the 
shallow  tanks  is  very  close  to  that  foimd  in  the  case  of  the  deep  tanks. 

The  losses  of  potassium  from  tanks  43  and  44,  which  were  treated  with  the 
more  insoluble  forms  of  lime  and  magnesia,  wollastonite  and  serpentine,  ap- 
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TABLE  11 

Amounts  of  potassium  leached  from  Cumberkmd  loam,  sitrface  soil  only,  infidd  lysimeten— 

July,  1918,  to  July,  1919 

Treatments  of  CaO,  MgO,  CaCOi,  MgCOi,  lOO-mesh  limestoney  lOO-mesh  dolomite  and 
100-mesh  magnedte,  each  in  amounts  equivalent  to  CaO  at  the  rates  of  8  tons,  32  tons  and 
100  tons  per  acre  2,000,000  pounds  of  soil 


TOZAL 

VAmTS 

OaAMS 
FBI  TANK 

POUMD0  m 
ACIX 

TAHK 

Kumn 

Material  mixed  with  nirfaoe  soil 

Rateptf 

2,000.000 

poaadsof 

■oU 

or 
eauoTVM 

K 

IUI7ACB 

2,000/100 
rouim  Of 

tOEL 

1 

CaO 

tons 

8 
o8 
o8 
o8 
o8 
o8 
o8 

112.1 
116.1 

121.3 
119.4 
118.4 
115.8 
118.7 

1.53 
2.18 
1.57 
1.59 
1.71 
2.25 
2.35 

0.1715 
0.2531 
0.1904 
0.1898 
0.2025 
0.2606 
0.2789 

7.6 

2 

MgO 

11.2 

3 

CaCOi 

8.4 

4 

MgCQi 

8.4 

5 

Limestone 

8.9 

6 

r>olomite 

11.5 

7 

Magnesite 

12.3 

Average 

o8 

116.8 

1.88 

0.2209 

9.8 

8 

CaO 

32 
o32 
o32 
o32 
o32 
o32 
o32 

105.2 
107.7 
115.9 
114.0 
127.5 
116.1 
120.4 

2.33 
1.56 
1.52 
1.08 
1.41 
1.55 
1.51 

0.2451 
0.1680 
0.1762 
0.1231 
0.1798 
0.1800 
0.1818 

10.8 

9 

MgO 

7.4 

10 

CaCOi 

7.8 

11 

MffCOi 

5.4 

12 

IJmestone 

7.9 

13 

r>olomite 

7.9 

14 

Magnesite 

8.0 

Average 

o32 

115.3 

1.56 

0.1791 

7.9 

15 

CaO 

100 
olOO 
olOO 
olOO 
olOO 
OlOO 
OlOO 

88.3 
103.6 
111.5 
103.7 
114.2 
110.6 
116.6 

15.25 
2.51 
1.66 
0.83 
1.81 
1.64 
1.29 

1.3466 
0.2600 
0.1851 
0.0861 
0.2067 
0.1814 
0.1504 

59.4 

16 

MgO 

11.5 

17 

O^'  ••••••••••••••••••••••• 

CaCO, 

8.2 

18 

MgCO, 

3.8 

19 

Limestone. 

9.1 

20 

Dolomite 

8.0 

21 

Magnesite 

6.6 

.  Average 

OlOO 

106.9 

3.57 
(1.62)* 

0.3452 
(0.1783)* 

15.2 

(7.9)* 

46 

Blank 

115.9 

2.49 

0.2886 

12.7 

Aver 
Aven 

&ge  of  all  treated  tanks 

113.2 

2.67 
1.69 

0.2903 
0.1929 

12.8 

Eige  of  treated  tanks  except  no 

.15 

8.5 

*  Average  not  including  tank  15,  CaO  100  tons. 
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TABLE  12 

AmdKitii  €f  potassium  Uackedfrom  dmheriani  le^m,  surface  saU  and  subsoil, 

infidd  lysimeUrs—July,  1918,  to  July,  1919 

Treatments  of  CaO,  MgO,  CaCOt,  MgCQi,  100-mesh  limestone,  100*mesh  dolomite  and 
100-mcsh  magne^te,  each  m  amounts  equivalent  to  CaO  at  the  ntes  of  8  tons,  32  tons  and 
100  tons  per  acre;  also  woQastonite  and  serpentine  at  the  rate  of  32  tons 


nSATVZMT 

tOTAj; 
VOKKM 

»Acno 

PARSS 

pn  muioif 
nr 

soiraoN 

eaxMs 

«TAKK 

ifomnM  na 
Acas    s 

TANK 
WUMBSa 

Matenal  miicd  widb  Bwface  leil 

RaUper 

2fi00Jm 

pounasof 

•oil 

simvAcx 
2,000,000 

POUNDS  OP 
SOIL 

22 

CaO 

lam 

8 
o8 
o8 
o8 
o8. 
o8 
o8 

121,3 
116.1 
124.9 
116.2 
117.8 
120.1 
119.0* 

1.45 
1.29 
1.70 
1.04 
1.36 
2.04 
1.75 

0.1759 
0.1498 
0.2123 
0.1208 
0.1602 
0.2450 
0.2083 

7.8 

23 

MgO 

6.6 

24 

CaCOi 

9.4 

25 

MgCQi 

5.3 

26 

Limestone 

7.1 

27 

Dolomite 

10.8 

28 

Magoesitt 

9.2 

Average 

og 

119.3 

1.52 

0.1817 

8.0 

29 

CaO 

32 
o32 
o32 
o32 
=o32 
o32 
o32 

110.6 
116.1 
119.3 
119.8 
123.5 
120.5 
125.3 

2.70 
1.27 
1.67 
1.16 
1.73 
1.36 
1.42 

0.2986 
0.1474 
0.1992 
0.1389 
0.2136 
0.1639 
0.1779 

13.2 

30 

MgO 

6.5 

31 

CaCOt 

8.8 

32 

MgCOa 

6.1 

33 

Limestone 

9.4 

34 

Dolomite 

7.2 

35 

Majmesite 

7.8 

Average 

o32 

119.3 

1.61 

0.1913 

8.4 

36 

CaO 

100 
olOO 
olOO 
olOO 
olOO 
olOO 
olOO 

105.6 
111.0 
121.8 
120.9 
123.1 
112.9 
128.9 

2.24 
1.59 
1.26 
0.92 
1.64 
1.69 
1.83 

0.2365 
0.1765 
0.1535 
0.1112 
0.2019 
0.1908 
0.2359 

10.4 

37 

MgO 

7.8 

38 

CaCOi 

6.8 

39 

MgCOi 

4.9 

40 

Limestone 

8.9 

41 

Dolomite 

8.4 

42 

Magnesite 

10.4 

Average 

olOO 

117.7 

1.60 

0.1866 

8.2 

43 

Wollastonite 

32 
32 

121.8 
137.7 

1.97 
2.06 

0.2406 
0.2836 

10.6 

44 

Serpentine 

12.5 

45 

wUnt , 

130.4 

3.12 

0.4068 

18.2 

_ 

Aver 
an 

age  of  treated    tanks   ezcep 
d44 

t    no.  43 

118.8 

1.58 

0.1865 

8.2 

^  Leak  sprung  in  outlet,  average  volume  of  tanks  26  and  27  used. 
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proach  more  nearly  the  average  outgo  of  the  checks  than  do  the  more  soluble 
precipitated  and  mineral  carbonates.  These  two  deep  tanks  might  be  con- 
sidered as  near-blanks.  However,  the  calcium  silicate  of  wollastonite  readily 
undergoes  hydrolysis;  but  the  magnesium  silicate  complex  of  serpentine  is 
very  stable.  Therefore,  it  may  be  that  such  an  intermediate  result  is  a  true 
indication  of  some,  though  restricted,  tendency  toward  retardation  of  potassium 
outgo  because  of  calcium  or  magnesium  salts  engendered  by  thehydrol)^of 
the  two  siliceous  materials. 

Disregarding,  for  the  present,  the  heavy  burnt  lime  treatments  of  tanks  8 
and  15,  the  results  may  be  considered  as  indicating  either  of  two  possibilities; 
(1)  the  calcic  and  magnesic  materials  may  have  actually  depressed  the  tendency 
of  the  native  soilpotassic  compounds  to  undergo  hydrolysis;  or  (2)  the  caldc 
and  magnesic  materials  may  have  accelerated  the  hydrolysis  of  the  potassic 
complexes,  at  the  same  time  imparting  to  the  soil  an  enhanced  tendency  to 
reabsorb  or  readsorb  such  potassium  salts  as  were  liberated. 

Considering  the  first  hypothesis,  we  find,  as  is  demonstrated  by  examination 
of  the  tank  leachings  data  and  also  by  the  analysis  of  the  soil  atmospheres, 
that  the  larger  applications  of  calcic  and  magnesic  materials,  including  car- 
bonates, tend  to  withdraw  from  the  soil  not  only  the  CO2  present  in  free  soil 
moisture,  but  also  large  additional  amounts  which  were,  in  the  case  of  the 
several  carbonate  treatments,  apparently  condensed  upon  the  surface  of  soil 
particles.  A  large  number  of  periodic  double  titrations  of  the  leachings  from 
each  tank  have  demonstrated  that  enough  of  calcium  or  magnesium  carbonate 
is  usually  present  to  account  for  the  presence  of  all  dissolved  CO2  as  being  in 
bicarbonate  formations.  Thus,  the  bathing  soil  solutions  become  impreg- 
nated with  the  bicarbonates  of  calcium  or  magnesium  where  such  carbonate^ 

treatments  are  given.    On  the  other  hand,  we  find  more  atmospheric  CO2  in 

the  imtreated  tank  than  in  the  treated  ones.    We  also  find  that  the  soil  solu- 
tion bathing  the  soil  particles  of  the  untreated  soil  is  to  a  greater  extent  com- 
posed of  the  hypothetical  acid  H2CO3.    The  native  soil  is  acid  and  free  oET^ 
determinable  carbonates ;  however,  the  leachings  from  the  blank  are  always  alka- 
line to  methyl  orange  and  they  are  generally  impregnated  with  determinabl< 
amounts  of  calcium  bicarbonate,  derived  from  the  action  of  the  carbonated-^ 
water  of  the  soil  upon  native  calcic  materials.    It  would  therefore  seem  that:— 
the  carbonated  water,  acting  upon  a  relatively  small  amount  of  native  caldc^^ 
siliceous  compounds,  would  be  ordinarily  unsaturated  with  reference  to  lime  or^ 
magnesia,  or,  that  it  would  at  least  become  impregnated  therewith  much  morc^^ 
slowly  than  in  the  case  of  the  calcic  and  magnesic  treatments;  and  that  th^ 
additional  uncombined  carbonated  water  would  then  proceed  to  hydrolyze  th^ 
less  readily  hydrolyzable  potassic  silicate  complexes. 

Thus  we  come  to  compare  the  activity  of  H2CO8  with  the  activity  ot 
CaH2C08  and  that  of  MgH2C03  in  effecting  the  hydrolysis  of  native  potassio 
silicates  under  field  exposures  in  the  lysimeters.    The  results  of  Plunmier  (27) 
demonstrated  that,  under  laboratory  conditions,  the  presence  of  bicarbonate 


^ 


LIBERATION  OP  NATIVE  SOIL  POTASSIUIC  375 

of  lime  in  water  solution  induced  no  increase  in  the  liberation  of  potassium  from 
several  finely  ground  potassic  siliceous  minerals  common  to  soils.  This  is  in 
harmony  with  our  findings. 

The  analyses  of  the  periodic  leachings  demonstrate  that  any  increase  in  the 
amoimts  of  dissolved  CaCOs  is  not  accompanied  by  any  increase  in  potassium 
outgo  in  the  free  soil-water,  such  as  would  be  expected,  were  CaCOs  solutions 
to  effect  a  liberation  of  potassium. 

Furthermore,  the  relative  activities  of  the  bicarbonates  of  calcium  and  mag- 
nesium throw  some  light  upon  the  question.  The  solubility  of  MgCOs,  as 
the  bicarbonate  in  carbonated  water  solutions,  is  many  times  that  of  calcium 
carbonate  in  the  same  solvent,  under  conditions  of  normal  temperature  and 
pressure.  However,  although  the  amounts  of  the  two  alkali-earth  carbonates 
applied  were  of  chemical  equivalence,  there  proved  to  be  a  wide  disparity  be- 
tween the  lime-absorption  and  the  magnesia-absorption  co-efficients  of  this 
soil.  This  disparity  resulted  in  the  rapid  absorption  and  disappearance  of 
the  8-ton-CaO-equivalent  treatments  of  MgCOs,  although  the  major  portion 
of  the  equivalent  CaCOs  appUcation  remained  as  such;  so  that  the  comparison 
between  the  effects  of  CaHjCOs  and  MgHjCOs  will  be  considered  as  referring 
more  particularly  to  the  two  heavier  treatments.  The  active  mass  of  the 
magnesium  bicarbonate  solution  is  much  greater  than  the  active  mass  offered 
by  the  calcium  carbonate  within  a  given  period;  hence,  were  the  bicarbonate 
of  lime  to  effect  liberation  of  potassium,  the  bicarbonate  of  magneMum  would 
be  expected  to  accomplish  still  greater  hberation.  But,  we  find .  the  reverse 
to  be  true.  The  magnesium  carbonate  treatments  have  appeared  to  depress 
the  outgo  of  potassium  salts  to  an  even  greater  extent  than  did  the  treatments 
of  calcium  carbonate.  Yet,  the  magnesium  carbonate  treatments  have  yielded 
such  concentrated  free  soil-water  solutions  of  magnesium  bicarbonate,  that 
these  treatments  have  been  the  first  to  satisfy  the  absorptive  properties  of  the  ' 
subsoil  and  the  first  to  yield  concentrated  leachings  through  the  subsoil;  this, 
too  in  spite  of  the  large  amount  of  magnesia  absorbed  by  the  soil,  as  compared 
with  the  distinctly  smaller  amounts  of  lime  absorbed  from  chemically  equiva- 
lent amoimts  of  CaCOs.  This  extensive  absorption  has  taken  place  directly  and 
without  any  hberation  or  exchange  of  potash.  Thus  we  find  that  free  HjCOs 
will  effect  the  maximum  hberation  of  potassium  to  the  free-soil  water  leachings; 
that  the  smaller  amounts  of  calcium  dissolved  in  the  H2COS  will  show  some 
depression  in  the  solvent  action  and  that  the  larger  amounts  of  magnesium 
dissolved  in  the  H2COS  will  effect  a  still  further  depression. 

The  work  of  Parker  (25)  demonstrated  that,  by  the  addition  of  a  hydrate  solu- 
tion, the  neutralization  of  acid  as  it  is  engendered  by  the  absorption  of  the 
strong  base  from  a  practically  undissociated  neutral  salt  will  preclude  the 
evidence  of  hberation  of  potassium  from  the  native  siUceous  materials.  In  like 
manner,  after  the  absorption  of  calcium  from  a  heavy  treatment  of  its  carbon- 
ate forms,  followed  by  the  hberation  of  the  COj,  this  liberated  gas  will,  with 
water  and  the  excess  of  CaCOs,  form  a  nearly  neutral  salt  which  would  be 
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expected  to  be  less  active  than  the  free  hypothetical  add  HsCX>i.  While  thii 
would  be  true  of  heavy  calcic  treatments,  the  reverse  would  apply  in  the  case 
of  light  treatments.  For,  were  all  of  the  added  CaCQi  to  uxxlergo  abacxptioii 
and  disintegration,  the  Uberated  COt  would  to  s(»ne  extent  enrich  the  firee 
soil«^water  and  afford  a  stronger  HtCQi  solution.  However,  this  oonoentm* 
tion  of  HsCQi  is  in  turn  reduced  by  the  reversal  of  the  reaction  induced  by  the 
hydrol3rsis  of  the  newly  formed  absorption  compounds  of  caldum.  Furthei^ 
more,  the  analyses  of  leachings  and  soil  atmospheres  of  the  tanks  indicated  a 
selective  condensation  of  CQi,  which  inhibits  any  extensive  outgo  of  CQi  dis* 
solved  in  the  low-caldum  content  free  water  of  the  light  treatment  or  no-treat* 
ment  tanks.  But,  in  the  presence  of  excessive  amounts  of  the  more  adttble 
carbonate  f  onus,  particularly  magnesium  carbonate,  such  condensed  COft  will 
readily  combine  with  the  carbonate  and  with  it  come  from  the  soil  in  the 
bicarbonate  combinations. 

In  the  light  of  such  data,  it  would  seon  reasonable  and  logical  to  dedooe 
that  the  dissolving  of  calcium  and  magnesium  carbonate  by  the  carbMiated 
soil-water  has  depressed  the  solvent  action  of  the  soil-water  thus  impregnated; 
Le.,  the  application  of  the  precipitated  and  native  mineral  carbonates  hai 
depressed  the  amounts  of  potassium  yielded  to  the  free  soil-water  through  any 
hydndytic  disintegration  of  the  native  silicates  containing  potassium. 

Nevertheless,  on  the  other  hand,  we  have  the  secamd  hypothesis  whndqr  it 
is  assumed  that  actual  liberation  of  water-soluble  potassium  has  resulted  from 
additions  of  calcic  and  magnesic  compounds,  but  that  such  treatment  has 
likewise  enhanced  the  absorptive  tendency  of  the  soil,  thus  permitting  reabsoip* 
tion  or  readsorption  of  the  supposedly  liberated  potassium.  The  tendency  ci 
soils  to  absorb  potassivun  from  neutral  potassic  salts  is  well  known.  The  ex* 
tent  oi  absorption  of  the  cation  and  liberation  of  the  anion  is  dependent,  in 
part,  upon  the  degree  of  dissociation  of  the  dissolved  neutral  salt.  However, 
following  such  absorption,  we  find  a  tendency  toward  attainment  of  a  dynamic 
equilibrivun,  which  results  in  a  subsequent  augmentation  in  the  amounts  of 
soluble  or  extractable  potassium  to  be  found  in  the  free  soil-water. 

Shreiner  and  Failyer  (30),  in  demonstrating  the  absorption  of  potassium 
from  neutral  salts,  also  show  the  tendency  toward  subsequent  release  of  the 
absorbed  potassium  to  leaching.  Initially,  the  leachings  were  of  maximum 
potassivun  salt  concentration,  decreasing  to  a  near-constant.  However,  save 
for  the  exception  noted,  CaO  at  the  rates  of  32  tons  and  100  tons,  our  lysimeter 
leachings  from  the  large  number  of  precipitated  and  native  mineral  carbonates 
do  not  evidence  any  diffusion  of  soil-surface  concentrates  of  potassic  salts  to 
the  free  soil-water,  such  as  would  be  anticipated  had  there  occurred  an  enrich- 
ment of  soluble  potassium  salts  in  the  soil-particle  surface  film,  through  the  phe* 
nomenon  of  interchange  of  bases.  On  the  other  hand,  the  eventual  increased 
outgo  of  potassium — the  exceptions  which  transpired  in  the  case  of  the  heavy 
burnt  lime  treatments  of  tanks  8  and  15 — ^is  in  conformity  with  the  above- 
cited  demonstrations  of  the  delayed  tendency  of  Uberated  potassium  salts  to 
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e&ter  free  soil*water  solution,  upon  being  subjected  to  leaching.  According  to 
Shreiner  and  Failyer  (JO)  ''the  absorbed  potassium,  like  the  absorbed  phos^ 
phate,  18  continually  diffusing  into  the  free  soil-moisture  and  becoming,  there- 
fore, directly  accessiUe  to  plants."  As  a  matter  of  fact,  not  only  did  all  of 
tht  chemical  and  mineral  carbcmates  induce  a  diminished  leaching  of  potas- 
nttm»  but  the  8*ton  CaO  treatments,  which  speedily  reverted  to  the  carbon-* 
ate,  also  failed  to  show  any  increase^  but  rather  a  decrease  of  potas^um  outgo 
during  the  S^yeax  period;  while  Ihe  hydrate  sHU  freseni  in  the  SZ-Um  and  100*- 
ion  treaknenis  showed  no  indication  of  UberaHon  of  potassium  until  the  Mtd 
and  humid  year* 

In  advancing  the  second  hypothesis,  that  of  reabsorption  of  any  liberated 
potassium,  it  might  be  contended  that  the  liberation  of  potassium  actually 
found  in  the  two  heavy  CaO  surf ac&^oil  tank5  was  due  to  a  coincidental  granu-- 
lation  of  the  soil  of  such  nature  as  to  preclude  reabsorption;  while,  in  the  case 
of  the  other  treatments  of  calcic  and  magnesic  compounds,  potassium  libera^ 
tlon  was  effected  without  parallel  granulation  and  vitiation  of  the  soil's  powers 
of  absorption*  But,  since  the  physical  chatq^e  of  soil  structure  induced  by 
the  32-ton  and  KX^^oa  bumtrlime  treatments  was  immediate,  while  the  release 
of  increased  amounts  of  potassium  to  teachings  was  deferred  for  over  two 
3rears,  it  seems  mote  reasonable  to  conclude  that  the  disintegration  of  potassic 
conq>lezes  was  induced  solely  by  the  burnt  lime  treatments  and  by  them  only 
under  conations  involving  intense  treatment  and  long-continued  contacif 
The  intensity  of  treatment  found  to  be  requisite  to  register  potas»um  ltt)era' 
tkn  is  of  such  magnitude  as  to  be  wdl  beyond  the  bounds  of  practical  oonsid* 
eratioDL  Because  of  the  foregoing  data,  and  their  relaticmship  to  the  cited 
findings  of  Shreiner  and  Failyer  (30)  and  those  of  Plummer  (27),  we  may  at-* 
tribute  to  the  several  carbonate  treatments  an  actual  depresMon  of  hydrolysis 
and  liberation  of  native  soil  potassium,  rather  than  any  release  of  potaseUttn 
through  basic  exchange 

One  further  possibility  suggests  itself.  It  might  be  assumed  that  the  chemi- 
cal and  minoal  carbonates  effected  an  actual  chemical  disintegration  of  the 
native  potassic  silicates  and  that  there  was  induced  a  resultant  absorption  of 
such  a  nature  as  to  withstand  any  tendency  toward  diffusion  to  the  free  soiU 
water  derived  from  natural  predpitation;  but,  that  the  reabsorbed  potassium 
would,  nevertheless,  yield  to  the  mcMre  intensive  activities  of  plant  roots  enough 
potassivun  to  appreciably  enhance  the  supply  that  would  have  been  obtained 
without  the  alkali-earth  treatments.  Assiuning,  however,  that  the  plant  root* 
system  of  a  wheat  crop  would  be  sufficiently  extensive  to  derive  such  a  hypo- 
thetical benefit,  the  above  offered  supposition  would  be  invalidated  by  the 
previously  dted  wheat-ash  analyses  offered  by  Gaither  (12),  and  by  the  writer 
(20).  Furthermore,  the  averages  of  the  annual  anal3rses  of  com,  oats,  wheat, 
and  grass  offered  by  Lyon  and  Bizzell  (18)  show  that  the  potassium  content 
of  these  crops  is  uninfluenced  by  api^ications  of  3000  pounds  of  burnt  Hme 
per  acre;  and  that  the  potash  content  cA  those  crops  is  nidependent  of  the 
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amounts  of  potassium  leached,  although  the  plants  elaborated  about  twice 
as  much  potassium  as  was  lost  from  the  soils  by  leaching. 

Certain  impublished  data  were  secured  by  Prof.  C.  A.  Mooers  from  care- 
fully controlled  plat  experiments,  at  the  Tennessee  station,  with  the  same  add 
Cumberland  loam  as  that  which  was  placed  in  the  tanks.  These  data  afford 
an  opportimity  for  observations  relative  to  the  dependence  to  be  placed  upon 
lime,  as  an  indirect  source  of  potassium  for  growing  plants.  The  experiments 
involve  a  continuous  cowpea-wheat  rotation,  one  crop  each  of  cowpeas  and 
wheat  being  harvested  each  year.  At  the  beginning  of  the  experiment  and 
again  after  a  period  of  12  years,  one  ton  of  burnt  lime  per  acre  was  applied 
to  certain  of  the  plats,  all  of  which  received  annual  applications  of  phosphate, 
both  with  and  without  potash.  After  several  years,  both  crops  manifested 
a  distinct  need  of  potassivun  in  the  check  plats  and  also  in  those  plats  which 
received  phosphate,  both  with  and  without  lime.  The  annual  applications  of 
phosphate,  of  course,  carried  some  CaS04  and  the  1-ton  application  of  burnt  lime 
was  annually  supplemented  with  calcium  to  that  extent.  The  second  appli- 
cation of  burnt  lime,  like  the  first,  did  not  correct  this  distinct  need  of  potas- 
sium. On  the  other  hand,  an  annual  application  of  manure,  at  the  rate  of  4 
tons  per  acre,  maintained  the  yields  of  both  crops  and  prevented  any  physio- 
logical evidence  of  potassium  deficiency.  The  incorporation  of  the  organic 
matter  of  the  manure  would  be  followed  of  course  by  the  formation  of  large 
amoimts  of  COs  and  the  enrichment  of  the  soil  solution  in  this  product  of  oxi- 
dation. Assiuning  the  potassium  content  of  the  manure  to  be  insufiSdent  to 
offset  the  insuflSciency  of  potassium  registered  by  both  crops,  this,  in  conform- 
ity with  the  lysimeter  results,  tends  to  demonstrate  that  a  free  soil-water 
solution  of  the  hypothetical  acid  H2CO8  is  more  active  in  the  liberation  of 
native  soil  potassium  as  a  nutrient  to  the  plant,  than  is  the  carbonic  add 
solution  of  the  bicarbonate  salt.  Following  the  application  of  lime  or  mag- 
nesia in  their  several  forms,  such  occurrences  of  CaH2C08  or  MgH2COj  in 
the  soil-water  would  be  increased,  with  the  strongly  indicated  tendency 
toward  decreased  extraction  of  potassium.  Furthermore,  analyses  of  some 
of  the  earUer  crops  of  wheat,  which  were  harvested  before  the  applied  lime 
had  been  greatly  diminished  by  leaching  and  through  removal  of  cowpeas 
and  wheat,  indicated  rather  fordbly  that  the  use  of  lime  had  appreciably 
depressed  the  potassium  content  of  the  wheat  straw. 

The  potassium  in  hackings  from  the  22  lime-magnesiastUfur  tanks  of  Cherokee 

sandy  loam  during  the  initial  two  years 

The  results  contained  in  tables  15  and  16,  and  summarized  in  table  17,  are 
from  the  Cherokee  sandy  loam,  over  a  2-year  period  of  exposure.  The  annual 
and  aggregate  amounts  of  potassium  leached  are  shown  graphically  in  figures 
11  to  19,  inclusive.  This  Cherokee  sandy  loam  is  a  reddish-brown  soil  and 
carries  considerable  clay.    Its  total  potassium  content  and  that  portion  soluble 
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in  each  N/S  HNO3  and  HCl  (Sp.  g.,  I.IIS),  are  given  in  table  2.  The  supple- 
mentary experiment  with  this  soil  was  intended  primarily  as  an  adjunct  to 
certain  observations  made  in  a  preliminary  report  by  the  writer  and  associa- 
ates  (22)  on  the  influence  of  various  forms  of  lime  and  magnesia  upon  the 
outgo  of  native  sulfur  as  sulfates.  This  series  of  tanks,  however,  embraces  a 
number  which  have  received  sulfur  in  several  forms,  both  with  and  without 
lime  or  magnesia.  Since  the  function  of  the  subsoil  was  so  well  demonstrated 
in  the  system  of  46  tanks,  all  of  the  22  additional  tanks  were  filled  with  the 
surface  soil  only.  The  series  was  comprised  as  follows:  one  blank  and  the 
following  no-sulfur  single  CaO  and  MgO  treatments  per  2,000,000  pounds  of 
soil;  one  receiving  2000  pounds  of  CaO;  one  3750  pounds  of  CaO;  one  receiving 
MgO  chemically  equivalent  to  2000  pounds  of  CaO;  one  MgO  chemically 
equivalent  to  3750  pounds  of  CaO;  one  ground  limestone,  and  one  ground 
dolomite,  both  of  100-mesh  fineness,  and  each  chemically  equivalent  to  2000 
pounds  of  CaO.  Five  tanks  received  sulfur  as  FeS04,  at  the  equivalent  rate 
of  1000  pounds  of  sulfur  per  acre  2,000,000  pounds  of  soil.  One  of  these  five 
sulfate  tanks  received  no  additional  treatments;  one  an  additional  treatment  of 
3750  pounds  of  CaO;  another  an  additional  application  of  MgO  equivalent  to 
CaO  at  the  rate  of  3750  pounds;  while  the  remaining  two  received,  in  one  case, 
CaO  at  the  rate  of  32  tons  and  in  the  other  case  MgO  at  the  rate  chemically 
equivalent  to  32  tons  of  CaO.  In  like  manner,  each  tank  of  another  set  of  five 
tanks  received  iron  pyrites  in  an  amount  furnishing  sulfur  at  the  rate  of  1000 
pounds  per  2,000,000  pounds  of  soil.  As  in  the  case  of  the  five  sulfate  tanks, 
one  received  no  alkali-earth  treatment,  while  the  remaining  four  were  treated 
singly  with  the  four  respective  applications  of  CaO  and  MgO  at  the  two  rates. 
In  still  another  set  of  five  tanks,  powdered  sulfur  was  added  to  each  tank  at 
the  rate  of  1000  pounds  per  2,000,000  pounds  of  soil.  In  this  set,  one  tank 
received  sulfur  alone,  while  one  each  of  the  other  four  received  CaO  or  MgO  at 
the  two  rates.  The  CaO  at  the  rate  of  3750  pounds  per  2,000,000  pounds  of 
soil  and  its  chemical  equivalence  of  MgO  used  in  one  pair  of  the  checks  and  in 
two  tanks  of  each  sulfur-treated  set,  represented  an  application  of  2000  pounds 
of  CaO  or  its  MgO  equivalence,  plus  1750  pounds  of  CaO,  or  its  MgO  equiva- 
lence; the  plus  treatment  representing  the  amount  required  to  neutralize  the 
immediate  acidity  of  the  ferrous  sulfate  or  the  potential  acidity  to  be  accred- 
ited to  the  unoxidized  pyrites  and  elemental  sulfur,  in  case  the  latter  two  ma- 
terials should  undergo  complete  oxidation.  Therefore,  of  the  five  tanks  which 
received  FeS04,  with  and  without  lime  or  magnesia,  the  four  receiving  CaO 
and  MgO  may  be  considered  as  involving  treatments  of  varying  amounts  of 
CaS04  or  MgS04.  The  reaction  of  the  leachings  have  demonstrated  the  ab- 
sence of  FeS04y  therefrom,  even  in  the  case  of  the  check;  and  the  leachings 
have  been  alkaline  to  methyl  orange  without  exception,  though  the  original 
soil  was  acid  in  character.  As  in  the  case  of  the  46  lysimeters  embracing  Cum- 
berland loam,  all  of  the  treatments  were  mixed  throughout  the  8-inch  depth 
of  moist  soil,  equivalent  in  each  case  to  100  poimds  of  moisture-free  soil.    The 
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data  from  the  22-tank  lime-magnesia-sulfur  series  cover  the  initial  2-year 
period  after  installation  on  August  3, 1917. 

First  annual  period.  In  considering  first  the  data  of  table  15,  we  find  that 
the  average  outgo  of  potassium  from  the  no-sulfur  lime  and  magnesia  treated 
tanks  amounted  to  7.9  poimds  as  compared  with  11.8  pounds  for  the  blank 
during  the  initial  year.  In  no  case  did  a  single  light  lime,  magnesia,  limestone, 
or  dolomite  treatment  increase  the  leaching  of  potassium. 

In  the  group  of  five  FeS04  tanks,  only  the  tank  receiving  the  sulfate  alone 
yielded  as  much  potassiiun  to  the  leachings  as  was  carried  through  in  the 
leachings  from  the  blank.  The  FeS04  treatment  might  well  be  considered 
a  treatment  of  H2SO4.  However,  as  previously  pointed  out,  the  ferrous  sul- 
fate treatments  were  neutralized  by  the  added  CaO  and  MgO  and,  apparently, 
even  by  the  native  alkali  or  alkali-earth  siliceous  compoimds  of  the  soil.  Ex- 
amination of  the  leachings  demonstrated  that  no  free  add  or  FeS04  came 
through,  most  of  the  outgoing  SO4  having  been  in  combination  with  caldum. 
This  observation  is  interesting  in  its  relationship  to  the  observation  of  Ruprecht 
(28),  who  stated  '* .  .  .  .it  was  found  that  marked  amounts  of  soluble 
aluminum  and  iron  salts  were  removed  from  the  plats  receiving  sulfate  of 
anmioniiun,  by  long-continued  washing  of  the  soils  with  distilled  water 
.     .  . "    Even  if  all  of  the  applied  and  mixed  add  iron  sulfate  was  not 

neutralized  by  the  added  or  native  alkali  or  alkali-earth  compounds,  none  was 
yielded  to  the  natural  leachings  consequent  to  rainfall.  If  the  increase  in  po- 
tassiiun  outgo  from  the  FeS04  check,  above  that  yielded  by  the  blank,  is  con- 
sidered as  actually  representing  an  increased  decomposition  of  native  soil 
potassic  compounds,  it  would  be  diflScult  to  determine  whether  thereleaseis  to 
be  attributed  to  direct  action  of  the  add  radical,  or  to  a  subsequent  basic  ex- 
change after  the  formation  of  CaS04.  An  actual  depression  in  solvent  action 
appears  to  have  been  registered  in  the  case  of  both  the  light  lime  and  light 
magnesia  treatments  and  also  the  heavy  lime  treatment,  which  represents  an 
excessive  hydrated-lime  treatment,  plus  CaS04. 

Again,  in  the  case  of  the  group  of  five  iron  pyrites  tanks,  we  find  a  distinct 
retardation  in  the  potassium  outgo  for  each  lime  and  each  magnesia  addition. 
The  iron  pyrites  check  is  practically  identical  with  the  blank.  Sulfate  deter- 
minations on  the  leachings  from  this  pyrites  check  demonstrated  that  oxida- 
tion of  the  pyrites  to  FeS04  had  occurred  to  an  appreciable  extent.  With 
the  increased  SO4  outgo,  there  was  found  a  parallel  increase  in  the  outgo  of 
caldum.  Hence,  this  treatment  might  be  considered  as  a  partial  treatment 
of  CaS04. 

In  the  third,  or  sulfur,  group  we  find  an  average  potassium  outgo  of  10.2 
pounds  for  the  initial  year,  as  compared  with  11.8  pounds  for  the  blank.  The 
sulfur  check,  however,  has  yielded  more  of  potassium  than  has  the  blank; 
while  the  light  application  of  MgO  has  also  induced  a  yield  somewhat  greater 
than  that  derived  from  the  im treated  tank.  As  in  the  case  of  the  pyrites 
check,  analyses  of  leachings  demonstrated  that,  in  the  case  of  both  blank  and 
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TABLE  15 

Amounts  of  potassium  leached  from  Cherokee  sandy  loam  surface  soil  infield  lysimelers — 

August,  1917,  to  August,  1918 

Treatments  of  limestone,  dolomite  and  oxides  of  calcium  and  magnesium,  the  ozidei 
having  also  supplementary  treatments  of  sulfur  in  the  forms  of  ferrous  sulfate,  iron 
pyrites  or  elemental  sulfur 


50 

51 
52 
53 
54 
55 
56 


57 
58 
59 
60 
61 


62 
63 
64 
65 
66 


67 
68 
69 
70 
71 


nLEATMXNT 


Alkali  earth 


Form  applied 


None 


Limestone 
Dolomite 
CaO 
CaO 
MgO 
MgO 


Average. 


None 

CaO 

MgO 

CaO 

MgO 


Average. 


None 

CaO 

MgO 

CaO 

MgO 


Average. 


None 

CaO 

MgO 

CaO 

MgO 

Average. 


Amount  per  2,000.000 
pounds  of  soil 


None 


o2000  lbs.  CaO 
O2000  lbs.  CaO 

2000  lbs. 

3750  lbs. 
o20001bs.CaO 
O3750  lbs.  CaO 


None 
3750  lbs. 
O3750  lbs.  CaO 
32  tons 
o32  tons  CaO 


None 
3750  lbs. 
o37501bs.  CaO 
32  tons 
o32  tons  CaO 


None 
3750  lbs. 
o37501bs.  CaO 
32  tons 
o32  tons  CaO 


Sulfur 


Form  applied 


None 


None 
None 
None 
None 
None 
None 


FeS04 
FeS04 
FeS04 
FeS04 
FeS04 


Iron  pyrites 
Iron  pyrites 
Iron  pyrites 
Iron  p3rrites 
Iron  pyrites 


Sulfur 
Sulfur 
Sulfur 
Sulfur 
Sulfur 


Ihs. 

None 


None 
None 
None 
None 
None 
None 


1000 
1000 
1000 
1000 
1000 


1000 
1000 
1000 
1000 
1000 


1000 
1000 
1000 
1000 
1000 


85.7 


85.1 
85.3 
84.6 
76.2 
79.3 
75.6 


84.4 


75.2 
73.8 
71.5 
76.7 
54.9 


70.4 


83.7 
77.3 
79.7 
90.0 
82.1 


82.6 


81.6 
73.7 
79.4 
88.5 
58.3 

76.3 


i 


SB 

O 


g 


I 


3.11 


2.40 
1.96 
2.46 
1.68 
2.21 
2.56 


2.21 


4.45 
1.84 
1.69 
1.58 
4.25 


2.76 


3.15 
1.92 
2.44 
1.62 
2.26 


2.28 


4.20 
2.04 
1.74 
2.16 
3.10 

2.65 


g 


0.2665 


0.2042 
0.1672 
0.2081 
0.1280 
0.1752 
0.1933 


0.1793 


0.3346 
0.1358 
0.1208 
0.1228 
0.2333 


0.1895 


0.2637 
0.1484 
0.1945 
0.1458 
0.1855 


0.1876 


0.3427 
0.1503 
0.2885 
0.1912 
0.1807 

0.2307 


w  O 


s 


s 


11.8 


9.0 

7.4 
9.2 
5.6 
7.7 
8.5 


7.9 


14.8 
6.0 
5.3 
5.4 

10.3 


8.4 


11.6 
6.5 
8.7 
6.4 

8.2 


8.3 


15.1 
6.6 

12.7 
8.4 
8.0 

10.2 
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all  treatments,  a  considerable  amount  of  sulfxir  had  been  converted  to  sulfates. 
In  the  blank,  the  outgo  of  sulfate  has  been  accoimted  for  principally  as  cal- 
cium sulfate;  so  that  this  tank  represents  a  progressive  treatment  of  light 
amounts  of  CaS04.  Likewise,  the  four  CaO  and  MgO  tanks  have  in  effect 
received  supplementary  and  progressive  additions  of  either  CaS04  or  MgSOi. 

Taken  as  a  whole,  we  find  that  the  six  lime,  magnesia,  limestone  or  dolomite 
treatments  effected  a  depressing  influence  on  the  outgo  of  potassium,  where  no 
supplementary  sulfur  materials  were  applied;  that  eleven  of  the  twelve  lime 
or  magnesia  treatments,  with  supplementary  sulfur  in  three  forms,  yielded 
le$s  of  potassium  than  did  the  bkmk;  and  that,  of  the  three  tanks  receiving 
the  sulfur  materials  without  lime  or  magnesia,  one  was  practically  identical 
with  the  blank,  while  the  other  two  gave  slight  increase  in  potassium  leach- 
ing5.  It  must,  therefore,  be  concluded  that  neither  light  nor  heavy  applica- 
tions of  burnt  lime  or  burnt  magnesia  gave  any  evidence  of  liberation  of  native 
soil  potassium  during  the  initial  annual  period  of  the  experiment  with  the 
Cherokee  sandy  loam.  This  accords  with  the  initial  annual-period  results, 
obtained  in  the  case  of  the  Cimiberland  loam,  where  the  indication  of  potassium 
liberation  appeared  first  in  the  third  annual  period. 

Second  annual  period.  In  comparing  the  8.4-pound  potassium  3nleld  from  the 
blank  tank  no.  50  with  the  leachings  from  the  limestone-,  dolomite^,  and  oxide- 
treated  tanks  no.  51  to  56  (table  16),  we  find  for  the  six  treated  tanks  an  av- 
erage outgo  of  6.4  poimds  from  consistent  results,  indicating  that  the  calcic 
and  noAgnesic  treatments  have  to  some  extent  actually  depressed  the  outgo  of 
potassium. 

However,  in  the  case  of  tank  57,  receiving  FeS04  alone,  we  find  a  slight 
tendency  toward  the  enrichment  of  the  potassiiun  content  of  the  leachings. 
But,  where  the  FeS04  has  been  supplemented  by  additions  of  CaO  or  MgO  in 
tanks  58  to  61,  the  depressive  tendency  of  the  oxides  is  again  manifested. 

In  tanks  62  and  63,  receiving  respectively  iron  pyrites  and  iron  pyrites  plus 
the  light  application  of  lime,  there  is  a  small  increase  in  the  potassium  outgo. 
The  remaining  three  tanks,  no.  64,  65  and  66  of  this  set,  show  the  same  ten- 
dency toward  diminished  potassium  leachings  that  was  noted  in  the  case  of 
the  FeS04  group. 

Considering  next  the  sulfur  tanks  no.  67  to  71,  we  find  that  the  continued 
oxidation  of  sulfur  has  resulted  in  considerable  increase  in  the  potassium 
3aelded  by  the  soil  to  the  leachings  from  the  tank  which  received  sulfur  alone. 
The  light  application  of  burnt  lime  effected  a  marked  depression  in  the  outgo 
of  potassium  salts,  when  compared  to  the  check  sulfur  tank,  although  a  small 
increase  is  to  be  noted  when  the  comparison  is  made  with  the  blank  tank  no. 
50.  A  repetition  in  the  depression  of  potassiimi  outgo  occurred  in  the  case 
of  the  MgO  tanks  no.  69  and  71  and  also  in  the  case  of  the  CaO  tank  no.  70. 
A  consistent  and  marked  decrease  is  noted  in  the  case  of  tank  71  and  tanks  61 
and  66,  corresponding  treatments,  with  reference  to  MgO,  though  differing  in 
the  form  of  the  added  sulfur. 
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TABLE  16 

AfMunts  of  potassium  leached  from  Cherokee  sandy  loam  surface  soU  infield  lysimeters — 

August,  1918,  to  August,  1919 

Treatments  of  limestone,  dolomite  and  oxides  of  calcium  and  magnesium,  the  ozidei 
having  also  supplementary  treatments  of  sulfur  in  the  forms  of  ferrous  sulfate,  iron  pyrites 
or  elemental  sulfur 


50 

51 
52 
53 
54 
55 
56 


57 
58 
59 
6(K 
61 


62 
63 
64 
65 
66 


67 
68 
69 
70 
71 


TKEATMKMT 


AlkaU  earth 


Form  applied 


None 


Average. 


None 

CaO 

MgO 

CaO 

MgO 


Average. 


None 

CaO 

MgO 

CaO 

MgO 


Average. 


None 

CaO 

MgO 

CaO 

MgO 


Average. 


Amount  per  2,000,000 
pounds  of  soil 


None 


Limestone 

o20001bs.CaO 

Dolomite 

o20001bs.CaO 

CaO 

2000  lbs. 

CaO 

3750  lbs. 

MgO 

02000  lbs.  CaO 

MgO 

O3750  lbs.  CaO 

SuHur 


Form  applied 


None 


None 
None 
None 
None 
None 
None 


None 
3750  lbs. 
o37501bs.CaO 
32  tons 
o32  tons  CaO 


None 
3750  lbs. 
o  3750  lbs.  CaO 
32  tons 
o32  tons  CaO 


FeSOi 
FeSOi 
FeS04 
FeS04 
FeSOi 


None 
3750  lbs. 
o37501bs.CaO 
32  tons 
o32  tons  CaO 


Iron  pyrites 
Iron  pyrites 
Iron  pyrites 
Iron  pyrites 
Iron  p3rrites 


Sulfur 
Sulfur 
Sulfur 
Sulfur 
Sulfur 


lbs. 
None 


None 
None 
None 
None 
None 
None 


1000 
1000 
1000 
1000 
1000 


1000 
1000 
1000 
1000 
1000 


1000 
1000 
1000 
1000 
1000 


131.6 


130.5 
130.9 
131.1 
122.3 
124.4 
124.9 


127.4 


124.3 
121.7 
118.0 
109.4 
102.2 


115.1 


124.4 
126.6 
128.2 
132.0 
117.4 


125.7 


130.7 
122.7 
123.5 
122.9 
102.6 


120.5 


i 

& 


as 


1 


1.45 


1.21 
1.04 
1.16 
1.27 
1.11 
1.15 


1.16 


1.87 
1.36 
1.10 
1.10 
0.98 


1.28 


1.93 
1.93 
1.06 
1.20 
0.88 


1.40 


1.93 
1.98 
1.42 
1.20 
0.77 


1.46 


B 


0.1908 


0.1579 
0.1361 
0.1521 
0.1553 
0.1381 
0.1436 


0.1472 


0.2324 
0.1655 
0.1298 
0.1203 
0.1002 


0.1496 


0.2401 
0.2443 
0.1359 
0.1584 
0.1033 


0.1764 


0.2522 
0.2429 
0.1754 
0.1475 
0.0790 


0.1794 


8.4 


7.0 
5.5 
6.7 
6.8 
6.1 
6.3 


6.4 


10.2 
7.3 
5.7 
5.3 
4.4 


6.6 


10.6 

10.8 

6.0 

7.0 

4.6 


7.8 


11.1 

10.7 

7.7 

6.5 

3.5 


7.9 
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Aggregate  of  potassium  leached  during  Z-year  period.  When  we  compare  the 
respective  averages  of  the  limestone,  dolomite,  CaO  or  MgO  treatments  for 
the  2-year  period  (table  17)  we  find  that  in  no  one  case,  of  the  18  tanks  which 
received  calcic  or  magnesic  materials,  has  there  been  indicated  any  inter- 
change of  caldiunormagnesiiun  for  the  native  soil  potassium.  Ratheri  there 
has  been  indicated  for  the  2-year  period  a  distinct  diminution  in  the  amount 
of  potassiiun  leached,  where  additions  of  the  alkali-earthy  materials  have 
been  made. 

As  noted  in  the  discussion  of  the  5-year  period  results  from  the  Cumberlaiid 
loam  soil,  there  has  ensued  as  a  result  of  both  lime  and  magnesia  treatments, 
either  a  depression  of  potassium  liberation,  or  else  an  enhancement  in  the  re- 
tentive properties  of  the  soils  for  any  potassium  possibly  liberated.  Following 
the  line  of  reasoning  mentioned  previously  in  quoting  the  work  of  Shreiner 
and  Failyer  (30),  it  wotdd  appear  that  had  such  liberation  of  potassium  re- 
sulted from  treatments  of  lime  and  magnesia,  any  immediate  tendency  to 
reabsorb  the  liberated  potassium  would  be  mitigated  by  the  ultimate  tendenqr 
toward  attainment  of  equilibriiun  between  the  absorbed  potassium-enriched 
surface  film  and  the  free  water  of  the  soil.  Hence,  as  in  the  case  of  the  preced- 
ing studies  with  the  Ciunberland  loam  soil,  the  Cherokee  sandy  loam  results 
indicate  that  when  either  lime  or  magnesia  is  added  to  a  long-leached  residual 
soil  there  occurs  an  actual  depression  in  the  concentration  of  potassium  salt 
in  the  free  soil  water,  rather  than  a  liberation  of  potassium,  with  consequent 
enhanced  suppUes  of  potassic  salts  available  to  the  roots  of  growing  plants. 
However,  it  may  again  be  pointed  out  that  an  extensive  plant  root  development 
might  be  expected  to  secure  potassium  compounds  more  readily  from  any 
liberated  and  reabsorbed  potassium  than  from  the  potassium  compounds  in 
their  natural  condition.  Nevertheless,  assmning  an  interchange  between 
calcium  or  magnesium  and  native  soil  potassium,  and  assuming  wheat  to  be  a 
representative  crop,  the  results  of  Gaither  (12)  and  those  of  Maclntire  (19) 
previously  cited,  would  indicate  no  such  activity  on  the  part  of  the  plant, 
where  every  opportunity  was  afforded  for  such  assumed  potassium  liberaticm. 
The  same  obtains  in  the  case  of  the  plant-ash  results  for  com,  oats,  wheat,  and 
grass,  as  reported  by  Lyon  and  Bizzell  (18). 

PRACTICAL  VALUE  OF  RESULTS 

In  summarizing  the  S-year-period  results  from  the  Cumberland  loam  and 
the  2-year-period  results  from  the  Cherokee  sandy  loam,  in  their  applicatkm 
to  and  interpretation  into  practice,  it  would  seem  that  one  definite  and  posi- 
tive conclusion  is  justified,  with  reference  to  these  two  types  of  soil  under  the 
prevailing  climatic  conditions,  to  wit:  practical  or  economical  applicaiions  of 
burnt  calcareous  limestone,  burnt  dolomitic  limestone^  ground  calcareous  lime- 
stone,  or  ground  dolomitic  limestone  wHl  not  effect  a  direct  chemical  liberation  of 
native  soil  potassium. 
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Some  indication  of  potassium  liberation  was  obtained  where  CaS04  was  en- 
gendered from  sulfureous  materials  incorporated  with  the  Cherokee  sandy 
loam,  in  the  absence  of  supplementarylime  treatments.  However,  with  this 
particular  soil,  the  meagemess  of  the  indicated  liberation,  as  compared  with 
the  intensity  of  treatment,  was  such  as  to  minimize  the  dependence  to  be 
placed  upon  economical  amounts  of  calcium  sulfate  fertilizers  as  liberants  of 
soil  potassium  in  amounts  sufficient  to  be  of  practical  value.  This,  however, 
is  without  prejudice  with  reference  to  the  need  for,  or  value  of,  the  sulfur  con- 
tent of  such  materials. 

However,  the  probable  fixation  of  nitrogen;  improved  tilth,  particularly 
through  increase  in  the  amounts  of  more  active  organic  matter;  enhanced  bio- 
logical activation  and  other  cumulative  benefits  resulting  from  the  judicious 
use  of  lime  or  limestone  may  be  expected  to  effectuate  such  a  marked  general 
improvement  in  the  plant  feeding  zone  as  to  accelerate  the  hydrolysis  of  po- 
tassic  silicates  and  diffusion  of  soluble  potassium  salts  to  the  roots  of  the  grow- 
ing plants.  Such  secondary  benefits  might  be  fully  equivalent,  in  their  liber- 
ative  action,  to  that  which  would  be  possible  were  chemical  substitution  of 
calcium  for  potassium  actually  accomplished. 

SUMMARY  AND  CONCLUSIONS 

It  is  pointed  out  that  deductions  from  laboratory  studies  have  led  to  the 
assumption  that  lime  may  be  considered  as  a  liberant  of  native  soil  potassiiun, 
to  the  extent  of  benefiting  plant  growth. 

Review  of  the  literature  indicates  that  such  an  assumption  is  not  justified 
in  the  case  of  the  forms  of  lime  used  in  practice,  with  the  possible  exception 
of  calcium  sulfate. 

Analytical  data  from  the  Pennsylvania  station  demonstrated  that,  after 
long  usage,  burnt  lime  and  ground  limestone  caused  a  marked  depression  in 
the  potassium  content  of  wheat  straw. 

The  obscurely  recorded  analytical  results  obtained  upon  the  K2O  analysis 
of  the  limed  plats  of  the  Pennsylvania  station  are  quoted  in  toto.  The  fact  is 
pointed  out,  that  the  error  of  sampling  such  large  areas  is  a  factor  to  be  con- 
sidered, and  that  a  comparison  based  on  the  results  from  the  upper  two  7-inch 
zones  supports  different  conclusions  from  those  that  would  be  drawn  from  a 
consideration  of  the  three  7-inch  zones. 

The  Cumberland  loam  lysimeter  experiments,  embracing  46  tanks,  with  and 
without  subsoil,  and  receiving  varying  amounts  of  nine  different  forms  of 
lime  and  magnesia  are  considered  with  reference  to  the  total  potassium  leached 
during  each  of  five  annual  periods. 

During  the  initial  annual  period,  the  deep  tanks  gave  a  greater  average 
outgo  of  potassiiun  than  did  the  shallow,  surface-soil  tanks.  The  subsoil 
tanks  were  more  imiform  in  their  yield  of  potassiiun  than  were  those  of  the 
surface  soil.  No  increase  of  potassiimi  outgo  occured  coincident  with  increase 
in  the  amount  of  treatment. 
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The  same  observations  hold  for  the  results  of  the  second  year.  During  the 
third  and  very  humid  annual  period,  the  heavier  applications  of  burnt  lime 
began  to  show  a  marked  effect  in  the  liberation  of  potassium  from  the  surface 
soil.  The  potassium  liberated  to  the  free  soil-water  was  absorbed  by  the  sub- 
soil. The  averages  of  the  results  induced  by  the  other  treatments  show  a 
marked  uniformity  within  each  series,  as  well  as  a  close  parallel  between  the 
outgo  from  the  surface-soil  tanks  (excluding  the  32-ton  and  100-ton  CaO 
treatments)  and  that  from  those  containing  both  surface  soil  and  subsoiL 
The  individual  and  average  amoimts  passing  from  all  treatments  were  con- 
siderably less  than  those  obtained  from  the  no-treatment  tanks. 

The  amounts  of  potassium  leached  during  the  relatively  dry  fourth  annual 
period  were  distinctiy  smaller  than  were  those  yielded  during  the  preceding 
year,  the  subsoil  tanks  again  giving  somewhat  higher  results.  The  32-ton 
CaO  surface-soil  tank  returned  to  normal/ coincidentiy  with  the  disappearance 
of  Ca(OH)s  from  the  soil.  The  100-ton  burnt  lune  surface-soil  tank  still 
yielded  an  excessive  outgo  of  potassium,  as  compared  with  the  other  oxide 
and  carbonate  treatments.  Both  surface-soil  and  surface-soil-subsoil  tank 
blanks  again  yielded  more  potassium  to  the  leachings  than  did  any  single 
treatment  (other  than  CaO,  100  tons),  or  the  average  of  treatments. 

The  fifth  annual  period  registered  the  liberative  action  of  the  100-ton  CaO 
treatment  and  the  subsequent  absorption  of  the  liberated  potassium  by  the 
subsoil.  Again,  each  calcic  and  magnesic  treatment  at  each  rate  (excepting 
the  100-ton  CaO  treatment)  has  depressed  the  potassium  content  of  leachings, 
as  compared  with  the  blanks  of  both  surface-soil  and  surface-soil-subsoil  tanks. 

The  summation  of  the  data  of  the  S-year  period  indicates  that  the  magnesic 
compoimds  exert  a  somewhat  more  depressive  influence  on  the  outgo  of  potas- 
sium salts,  than  do  the  corresponding  lime  compoimds,  though  no  great  dif- 
ferences are  manifest.  Excepting,  after  the  second  year,  tanks  8  and  IS, 
which  still  contained  residual  Ca(0H)2  from  heavy  applications  of  burnt  lime, 
all  of  the  calcic  and  magnesic  treatments  have  yielded  smaller  amounts  of  po- 
tassium to  the  leachings  than  were  yielded  by  the  no-treatment  tanks.  The 
extent  of  outgo  of  potassium  appears  to  have  been  iminfluenced  by  the  inten- 
sity or  magnitude  of  the  applications  of  carbonate  forms.  Excepting  the 
bxirnt  lime  tanks,  the  several  treatments  show  a  relatively  close  concordance 
within  each  of  the  two  systems  of  different  depths.  However,  the  subsoil 
tanks  demonstrated  closer  concordance,  and  an  average  outgo  greater  than 
that  from  the  surface  tanks. 

It  is  pointed  out  that  CO2  solutions  in  H2O  are  apparentiy  more  active  upon 
native  soil  potassic  complexes  than  is  the  same  hypothetical  acid,  when  it  is  in 
part  neutralized  by  the  formation  of  acid  carbonates  of  calcium  or  magnesium. 

When  considered  in  connection  with  the  cited  plat  results  and  plant-ash  anal- 
yses, the  data  of  the  46-tank  series  demonstrate  that  it  is  not  tenable  to  assume 
that  native  soil  potassium  is  liberated  from  the  silicate  forms  to  the  free  soil- 
water  by  ordinary  applications  of  the  oxides,  or  the  several  carbonates  of  cal- 


LIBESATION  OF  NATIVE  SOIL  POTASSIUM  391 

cium  or  magnesium,  in  light  or  heavy  amounts.  Nor  does  it  appear  probable 
that  potassium  is  released  from  siliceous  combination  and  furnished  to  the 
film  water,  there  to  be  concentrated  and  held  by  physical  absorption  against 
the  tendency  to  diffuse  to  the  more  dilute  free  soil- water.  Rather,  it  would 
appear  that,  were  liming  to  induce  any  enhancement  in  the  amounts  of  potas- 
siimi  elaborated  by  the  plants,  such  an  effect  would  be  the  result  of  accelerated 
plant  growth,  thereby  causing  greater  range  and  more  vigorous  root  action 
and  root  decay,  which  are  calculated  to  extract  more  potassium  from  the  na- 
tive stores  of  potassium,  unaltered  by  any  lime  or  magnesia  treatments  in 
reasonable  amounts. 

Thirty-two-ton  and  100-ton  treatments  only  have  given  any  indication  of 
potassium  liberation;  and  such  liberated  potassium  has,  in  time,  diffused  to  the 
natural  leachings.  This  tends  to  emphasize  the  fact  that,  in  all  other  cases, 
the  diminished  potassiiun  leachings  were  actually  due  to  a  lesser  solvent  action 
of  the  free  soil-water,  when  it  became  impregnated  with  calcium  or  magnesium 
bicarbonates.  For,  had  the  other  forms  effected  any  potassiiun  liberation, 
d3aiamic  tendencies  would  have  resulted  in  an  ultimate  enrichment  of  the 
potassium  content  of  their  free-water  solutions. 

Reference  is  made  to  the  plats  of  the  Tennessee  station  which  show  that 
burnt  lime,  in  1-ton  applications,  has  failed  to  rectify  the  definite  need  of 
potassiiun  manifested  in  crops  of  cowpeas  and  wheat,  in  a  rotation  composed 
exclusively  of  these  two  crops. 

The  22  lysimeters  containing  Cherokee  sandy  loam  afford  an  opportunity 
to  study  the  effect  of  single  light  applications  of  burnt  lime,  burnt  magnesia, 
limestone  and  dolomite  upon  the  outgo  of  potassium.  They  also  furnish  oppor- 
tunity for  observations  upon  the  potassium-liberating  tendencies  of  calcium 
and  magnesium  sulfate  engendered  from  FeS04,  iron  pyrites,  or  sulfur,  when 
these  three  materials  are  used  alone  and  together  with  light  and  heavy  appli- 
cations of  CaO  or  MgO.  * 

During  the  initial  annual  period,  each  unsupplemented  form  of  lime  and 
magnesia  depressed  the  outgo  of  potassium,  while  each  lime  and  magnesia 
treatment  supplemented  by  FeS04,  iron  pyrites  or  sulfur  produced  the  same 
effect,  with  one  exception. 

The  results  of  the  second  annual  period  demonstrate  a  continued  depressive 
effect  on  potassium  outgo  as  a  result  of  single  treatments  of  lime,  magnesia, 
limestone,  or  dolomite.  The  same  tendency  is  manifested  in  10  of  the  15  treat- 
ments where  CaO  and  MgO  singly  were  supplemented  by  CaS04  or  MgS04, 
formed  or  engendered  within  the  soil,  from  the  treatments  of  FeS04,ironp3nites 
or  sulfur.  The  distinct  depressive  tendency  of  heavy  applications  of  MgO, 
even  when  augmented  by  engendered  MgSOt,  was  particularly  consistent. 

The  average  of  the  two  year's  potassium  outgo  from  the  Cherokee  soil 
shows  a  distinct  depressive  action  induced  by  CaO,  MgO  or  limestone  when 
applied  separately  and  alone;  and  the  same  result  likewise  for  lime  and  mag- 
nesia when  used  in  connection  with  FeS04,  iron  pyrites  or  sulfur.  The  three 
sulfur  compounds  when  used  alone  gave,  in  each  case,  a  slightly  greater  yield 
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of  potassium;  but,  it  is  not  clear  whether  this  was  due  to  direct  action  of  the 
engendered  acid,  or  to  substitutive  action  of  the  calcium  and  magnesium  sul- 
fates formed  therefrom  within  the  soil. 

Again,  as  in  the  case  of  the  Cumberland  loam,  even  the  32-ton  application 
of  burnt  lime  failed  to  register  any  increase  in  the  potassium  3del(kd  to  the 
outgoing  free  soil-water  during  the  first  two  years  after  treatment. 

The  results  from  these  two  residual  soils  demonstrate  that  the  original  free 
soil-water  leachings  are  richer  in  potassium  salts  than  they  are  when  they 
become  impregnated,  in  slight  or  excessive  degree,  with  caldimi  or  magnesium 
bicarbonate  derived  from  any  one  of  the  several  forms  of  these  two  alkali- 
earths.  Furthermore,  excepting,  in  the  case  of  the  Cumberland  loam,  the 
excessive  and  impractical  32-ton  and  100-ton  CaO  treatments,  nothing  that 
has  been  developed  would  suggest  the  possibility  that  the  lime,  magnesia  or 
their  several  chemical  or  mineral  carbonate  treatments  have  so  altered  the 
original  form  of  soil  potassium  as  to  render  any  residual  portion  of  it  more 
available  or  beneficial  to  plant  growth. 
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xioiis  observations  in  the  neighborhood  of  factories,  salt  refineries  and 
nines  seem  to  have  led  to  the  general  belief  that  sodium  chloride  always 
L  harmful  effect  on  plants  and  trees.  Our  knowledge  of  the  rdle  of  chlo- 
and  sodium  in  plant  growth  is  very  limited.  Only  recently  an  attempt 
been  made  to  study  more  fully  the  influence  of  sodium  chloride  upon 
t  growth. 

REVIEW   OF   UTERATURE 

le  literature  on  the  subject  of  fertilization  with  conmion  salt  presents 
derable  evidence  that  often  an  increase  in  yield  may  be  expected,  but  a 
ber  of  investigators  report  failures  with  the  use  of  salt  for  certain  agri* 
iral  crops.  Agricultiuists  in  different  countries  have  been  using  sodium 
ide  to  a  certain  extent,  but  the  beneficial  effects  were  often  ascribed  to 
sodium-ion  only,  due  perhaps  to  the  view  that  sodium  might  replace 
3sium.  In  recent  years,  however,  several  investigators  take  the  view- 
t  that  the  chlorine-ion  might  have  a  direct  fertilizing  value,  or  an  indirect 
izing  value  by  the  acceleration  of  certain  processes.  An  indirect  result 
it  be  caused  by  the  increase  of  addity  in  certain  soils,  which  would  make 
in  plant-food  constituents  more  available. 

Effect  on  exterior  form 

udies  made  by  a  number  of  investigators  of  the  effect  of  the  physiological 
ges  on  the  exterior  form  of  plants,  caused  by  applications  of  sodium  chlo- 
often  show  marked  responses.  Dassonville  (8)  observed  that  the  mor- 
3gical  characters  of  Lupinus  albus  under  the  influence  of  different  salts 
greatiy  modified.  Hansteen  (12)  found  that  wheat  plants  grown  in 
iral  solutions  containing  chlorides  produced  larger  roots  and  shorter 
»  than  when  grown  in  solutions  containing  other  salts.  Marked  changes 
le  leaf  structure  and  the  transpiring  power  of  wheat  have  been  observed 
[arter  (14).  Saline  soils  containing  1,  1.5  and  2  per  cent  of  total  salts, 
hich  0.7,  1  and  1.4  per  cent  were  NaCl  (70  per  cent),  were  diluted  with 
en  loam  on  the  basis  of  dry  weight.    The  mixed  soils  were  then  placed 
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in  containers  sealed  with  paraffine  to  make  comparative  transpiration  meas- 
urements by  weighing  possible.  Plants  of  wheat,  oats  and  barley  grown 
from  seeds  in  these  saline  soils  very  soon  developed  a  pronounced  waxy  bloom 
on  the  leaf  surface  and  a  thickening  of  the  cuticule  occurred.  The  thickness 
of  the  cuticule  increased  with  the  concentration  of  the  soil.  The  size  of  the 
epidermal  cells  decreased  as  the  concentration  of  the  salt  in  the  soil  increased, 
the  cells  of  the  plants  grown  on  the  non-saline  soils  being  the  largest.  Leaves 
of  wheat  detached  from  plants  growu  in  non-saline  soils  on  which  the  bloom 
was  not  conspicuous,  lose  by  transpiration  two  to  three  times  as  much  mois- 
ture as  leaves  from  plants  grown  in  soil  containing  1  per  cent  of  sodium  chlo- 
ride. Nobbe  and  Siegert  (24,  25)  reported  a  higher  transpiration  in  buck- 
wheat plants  grown  in  water  cultures  containing  NaCl.  Investigations  made 
by  Laurent  (20)  with  sugar  beets  and  carrots  in  connection  with  the  plant* 
food  supply  in  its  relation  and  variation  in  plants,  showed  that  NaCl  in  soil 
had  the  effect  of  lengthening  both  carrots  and  beets,  but  reduced  the  diameter 
of  these  plant  roots.  Buckwheat  grown  to  maturity  in  water  cultures  by 
Tottingham  (32)  showed  that  the  length  of  roots  and  the  production  of  dry 
matter  in  leaf  blades  was  depressed  in  solutions  containing  an  addition  of 
NaCl.  Sugar  beets  when  grown  in  the  greenhouse  were  more  watery  where 
chlorides  were  applied,  and  the  yield  of  the  dry  matter  was  greatly  increased. 
Van  Hecke  (17)  conducting  experiments  with  salt  to  prevent  the  gununosis 
of  fruit  trees,  treated  the  trees  with  salt,  giving  1,  2  and  3  pounds  per  tree, 
and  found  at  the  end  of  the  season  that  the  tree  receiving  3  pounds  did  not 
suffer  from  gummosis,  while  the  ones  receiving  1  and  2  pounds  were  slightly 
injured  by  the  decrease.  The  other  untreated  trees  were  severely  injured, 
lost  most  of  their  branches  and  bore  but  little  fruit.  The  effect  of  salt  water 
on  cultivated  plants  is  reported  by  Wohltmann  (35).  If  the  amount  of  salt 
was  from  5  to  10  gm.  per  liter  of  solution  the  growth  of  the  better  grasses  and 
legimiinous  plants  was  dwarfed  and  the  yield  reduced.  Common  salt  used 
as  top-dressing  on  oats  in  the  manurial  experiments  carried  on  by  the  Agri- 
cultural Society  of  Scotland  (38),  gave  satisfactory  results  against  lodging, 
but  the  effect  of  top-dressing  with  salt  on  barley  reported  by  the  Board  of 
Agricultural  Education  in  Great  Britain  (36,  37)  was  to  cause  the  barley  to 
lodge  rather  than  to  stiffen  the  straw. 

Effect  on  chemical  composition 

Physiological  changes  influencing  the  chemical  composition  of  plants  have 
been  reported  in  a  great  number  of  cases.  Hartwell  and  Wessels  (16)  found 
that  the  per  cent  of  phosphorus  in  crops  treated  with  salt  as  a  fertilizer  was 
increased.  Studying  the  influence  of  chlorine  compounds  in  crude  Stassfurt 
salts  upon  the  composition  of  potatoes,  Sjollema  (28)  found  that  the  effect  of 
the  chlorine  salts  was  to  lower  the  starch  content.  Siichting  (31)  came  to 
the  same  conclusions,  while  Tottingham  (32)  found  that  by  an  application  of 
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sodium  chloride  alone  the  composition  of  the  potato  tubers  was  only  slightly 
altered,  but  the  quality  was  seriously  affected.  According  to  Bolin  (5,  6)  the 
dry  matter  per  hectare  is  not  less  with  NaCl.  De  Ruijter  de  Wildt  et  al  (9) 
found  that  although  the  yield  of  beets  was  high  with  an  application  of  500 
kgm.  NaCl  per  hectare,  the  salt  content  of  the  soil  had  changed  their  com- 
position, reducing  the  sugar  content,  changed  the  relation  of  potassium  and 
sodium  by  greatly  increasing  the  sodium  content  and  also  increased  the  con- 
tent of  chlorine  and  of  ash.  Micheels  (23)  studying  the  effect  on  germination, 
length  of  leaf,  length  of  root  and  weight  of  wheat  plantlets  grown  in  solutions 
of  NaCl  and  KCl,  reports  that  the  chlorine-ion  was  harmful,  decreasing  the 
lengths  of  root-hairs  and  of  leaf,  and  depressing  the  weight  of  the  plants. 
Nobbe  (25),  giving  data  on  ash  analyses  for  buckwheat,  points  out  that  the 
per  cent  of  ash  in  roots  was  increased  by  sodium  chloride.  Comparing  garden 
plants  with  his  culture  plants  the  increase  was  from  6.8  to  15.3  per  cent  for 
roots  and  from  8.7  to  18.6  per  cent  for  stems.  Prinsen  Geerlings  (27)  who 
made  a  study  of  the  influence  of  sodium  salts  in  the  soil  upon  the  composition 
of  sugar  cane,  found  that  an  application  of  either  NaCl,  CaCU  or  MgClj  to 
the  soil  caused  an  increase  in  potash  in  the  ash  of  the  cane. 

Toxic  effects  of  sodium  chloride 

It  seems  that  a  number  of  investigators  hold  the  view  that  sodium  chlo- 
ride, even  in  small  amounts,  is  not  only  harmful  but  also  dangerous  to  plant 
life.  Still  Hugo  de  Vries  (33)  pointed  out  already  in  an  early  study  that  it  is 
"a  wrong  viewpoint  however  widely  held,  that  strong  salt  solutions  (for 
example  a  sodium  chloride  solution  of  10  to  20  per  cent)  are  dangerous  for  the 
life  of  plant  cells."  Harter  (15),  who  made  extensive  comparisons  of  his  own 
results  with  those  of  other  investigators  relative  to  the  growth  of  wheat  seed- 
lings in  salt  solutions,  concluded  that  sodium  chloride  in  a  concentration  of 
about  300  parts  per  million,  is  not  toxic  to  these  plants.  Guthrie  and  Helms 
(11),  working  with  pot  cultures  to  determine  the  limits  of  endurance  of  dif- 
ferent farm  crops  to  injurious  substances,  found  that  a  salt  solution  of  0.05  per 
cent  prevented  germination  of  wheat  by  only  0.2  per  cent,  of  com  by  0.25 
per  cent  and  of  rye  by  0.2  per  cent.  The  growth  was  affected  to  a  still  lesser 
degree.  Hendry  (18)  using  13  varieties  of  legumes  in  pure  quartz  sand  with 
NaCl  of  0.04, 0.16, 0.3, 0.5  and  1  per  cent  of  the  dry  weight  of  the  sand,  found 
that  as  a  general  rule  the  germination  was  retarded,  the  height  of  the  plants 
was  lessened,  the  blossoming  period  changed,  a  reduction  in  number  and  size 
of  the  leaves  was  caused,  and  finally  premature  death  resulted.  Birger  (3), 
however,  studying  the  influence  of  sea-water  upon  the  germination  of  seeds, 
placed  27  species  of  Scandinavian  seeds  for  a  period  of  30  days  in  sea-water 
containing  3.4  per  cent  of  salt,  and  found  that  although  the  vitality  of  a  niun- 
ber  of  species  was  destroyed,  the  vitality  of  others  was  little  or  not  at  all 
affected.    In  some  instances  he  found  that  the  number  of  seeds  which  ger- 
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rainated  was  increased  by  having  been  in  the  sea-water  for  30  days  as  compared 
with  dry  seeds.  By  the  extensive  investigations  on  the  effects  of  chlorides  in 
alkali  soils  of  Utah,  Harris  (13)  found  sodium  chloride  the  most  toxic  of  a 
number  of  common  chlorides.  He  found  that  at  a  concentration  of  0.2  per 
cent  sodium  chloride  in  the  soil,  the  germination  of  wheat  was  reduced  by 
50  per  cent. 

EXPERIMENTS 

In  a  cut-over  swampy  soil  on  the  College  Farm  at  New  Brunswick,  N.  J., 
a  number  of  selected  tree  stumps,  which  has  been  allowed  to  grow  for  5, 
6  or  more  years,  were  treated  with  common  rock  salt.  One  hundred  and 
thirty  stumps  of  as  nearly  equal  size  as  could  be  found  were  selected,  includ- 
ing white  oak,  ^black  oak,  birch,  maple,  and  a  few  chestnut,  dogwood  and 

TABLE  1 
Chosen  tree  stumps  treated  with  common  roch  salt  in  1919 


HUMBXKS 

APPKOXmATB 

AVKRAOE 

KXIGBT 

SALT  APPLX£0 
PEETRBX 

VAKICTT  or  TREE 

0«k 

Biich 

Maple 

Cliestikttt»eCc 

Ito   10 
11  to   20 
21  to   50 
31  to  40 
41  to   50 
51  to   60 
61  to  70 
71  to   80 
81  to  90 
91  to  100 
101  to  150 

11 
12 
13 

13 

131 
12 

131 

13 

14 

14 

14 

fommds 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
None 

2 
3 
4 
7 
3 
7 
7 
6 
8 
5 
14 

2 
2 
2 
2 
4 

6 

5 

2 

1 

3 
1 
2 
2 

3 
5 

1 
3 
3 

1 

1 

1 
1 

1 
5 

Total 

66 

23 

24 

17 

cherry.  The  trees  were  treated  in  the  manner  given  in  table  1.  The  stumps 
were  surrounded  by  a  large  number  of  tree  stumps,  which  could  also  be  used 
to  collaborate  the  results.  Only  thirty  trees  not  treated  with  salt,  however, 
were  imder  constant  observation. 

Analyses  made  of  the  rock  salt  used,  show  from  96  to  98  per  cent  sodium 
chloride,  very  little  magnesium  chloride  and  some  impurities. 

The  salt  was  applied  in  a  dry  state,  on  top  of  and  around  the  stumps.  The 
application  was  made  during  the  days  of  April  3, 4  and  5, 1919.  The  weather 
was  simny  and  dry,  but  soon  after  the  application  heavy  rains  partly  dis- 
solved the  salt.  It  was  not  until  far  along  in  the  summer  that  all  of  the  salt 
was  dissolved  where  the  heavier  applications  were  made. 

A  general  examination  on  May  14  showed  that  some  birch  trees  which 
were  given  the  greater  amount  of  salt  (above  no.  60)  were  already  injured,  the 
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TABLE  2 
CandUion  of  tree  stumps  four  months  after  the  treating  loith  common  rock  salt 


AFPIOXX- 

a  AT^ 

TMME 

fTUMF 

VAKBTT 

MATS 

APPUKD 

OONDinOM  AUGUST  7,  1919 

f^ 

P$umds 

1 

Bizch 

12 

Healthy  appearance 

2 

Oak 

9 

Healthy  appearance 

3 

Maple 

12 

Slight  yellownh  tint  in  most  of  the  leaves 

4 

Maple 

7 

Healthy  appearance 

5 

Maple 

15 

Vigorous  growth,  leaves  large 

6 

Maple 

8 

Leaves  yellowish  tinted 

7 

Maple 

8 

Healthy  appearance 

8 

Bizch 

15 

Healthy 

9 

Oak 

12 

Healthy 

10 

Dogwood 

10 

Healthy 

11 

Dogwood 

10 

2 

Healthy 

12 

Oak 

12 

2 

Healthy 

13 

Birch 

18 

2 

Vigorous  growth;  leaves  dark  green 

14 

Chestnut 

12 

2 

Injured;  leaves  curling,  yellowish 

15 

Chestnut 

11 

2 

Healthy;  vigorous  growth 

16 

Maple 

10 

2 

Healthy 

17 

Birch 

20 

2 

Vigorous  growth;  leaves  extremely  large  and 
shiny;  dark 

18 

Oak 

16 

2 

Vigorous  growth 

19 

Maple 

6 

2 

Seriously  injured;  leaves  curling;  brown  at  the 
edges 

20 

Oak 

15 

2 

Healthy;  broad,  shiny  leaves 

21 

Oak 

10 

3 

Healthy;  bluish-green,  large  leaves 

22 

Oak 

10 

3 

Bluish  colored,  large  leaves 

23 

Oak 

11 

3 

Healthy;  bluish-green,  large  leaves 

24 

Chestnut 

7 

3 

Injured;  all  leaves  dropped  except  leaves  of  top 
shoots 

25 

Maple 

8 

3 

Injured;  leaves  at  the  top  of  the  branches  dead; 
leaves  only  one  third  of  normal  size 

26 

Birch 

13 

3 

Slightly  injured;  leaves  brown  at  the  tips  and 
somewhat  at  the  edges 

27 

Birch 

18 

3 

Healthy 

28 

Cherry 

17 

3 

Healthy 

29 

Walnut 

10 

3 

Healthy 

30 

Oak 

8 

Healthy;  leaves  shiny;  bluish  color 

31 

Birch 

18 

Healthy;  thrifty 

32 

Oak 

15 

Slightly  injured;  leaves  brown  at  the  edges  and 
slight  change  in  tint  of  color  towards  yellow 

33 

Oak 

8 

Injured;  leaves  brown,  curled 

34 

Cherry 

10 

Injured;  leaves  curied;  sickly  appearance 

35 

Oak 

12 

Thrifty;  large  leaves 

36 

Oak 

15 

Main  stem  healthy;  side  stems  injured;  leaves 
curling  with  brown  edges 

37 

Oak 

13 

Healthy 

38 

Oak 

9 

Healthy-;  head  veins  of  leaves  have  a  slightly 

yellowish  tint 
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TABT.R  l-ConHmud 

mTMBXROV 

APPKOXI- 

SAT  V 

TUEB 

8T171CP 

VAIXBTT 

MATE 

KnOBT 

BAI«T 
APPLZBD 

CONDmOM  AUGXJST  7,  1919 

fut 

famnds 

• 

59 

Oak 

17 

4 

Healthy;  blmsh-green  leaves;  thrifty 

40 

Birch 

18 

4 

Sickly  appearance;  leaves  large,  yellowish  in 
color;  catkins  have  a  peculiar  conical  shape 
(plate  4) 

41 

Oak 

12 

5 

Healthy 

42 

Biich 

15 

5 

Older  leaves  small  and  sickly;  second-growth 
\     shoots  are  large  and  shiny;  catkins  conical 
shape 

43 

Biich 

15 

5 

Top  shoots  dead;  leaves  brown  and  curling; 
catkins  deficient  in  vigor 

44 

Biich 

12 

5 

Healthy;  head  veins  of  leaves  slightly  yellow; 
no  catkins 

45 

Biich 

18 

5 

Healthy;  catkins  conical 

46 

Maple 

13 

5 

Old  leaves  small  and  sickly  in  appearance;  new 
shoots  with  thrifty  large  leaves 

47 

Oak 

18 

5 

Healthy 

48 

Maple 

14 

5 

Leaves  partly  curled  as  if  there  was  lack  of  woior 
ture;  sickly  appearance 

49 

Oak 

13 

5 

Healthy 

50 

Maple 

8 

5 

Leaves  which  are  left  curled;  sick  appearance; 
partly  dead 

51 

Oak 

12 

6 

Healthy 

52 

Birrh 

14 

6 

Dead;  small  new  shoots  died  also 

53 

Oak 

10 

6 

Partly  injured;  main  stem  thrifty;  injured  leaves 
brownish  and  curling 

54 

Sumach 

10 

6 

Sickly  appearance;  leaves  drooping 

55 

Oak 

18 

6 

Healthy;  second  growth  shoots  have  large  leaves 

56 

Oak 

10 

6 

Healthy,  with  large  leaves 

57 

Oak 

12 

6 

Healthy 

58 

Oak 

12 

6 

Healthy 

59 

Maple 

8 

6 

Dead 

60 

Oak 

15 

6 

Healthy  with  bluish-green,  shiny  leaves 

61 

Oak 

18 

7 

Healthy  with  bluish-green  but  small  leaves 

62 

Oak 

12 

7 

Injured;  leaves  brown  and  curling 

63 

Oak 

13 

7 

Healthy 

64 

Oak 

18 

7 

Leaves  large;  bluish  in  color,  shiny;  vigorous 
growth  in  new  top  shoots;  leaves  of  tall  maia 
stem  (18  feet)  much  larger  than  leaves  of  sidr— 
stems  (8  to  9  feet),  which  are  slightly  injured^^ 
leaves  of  side  stems  spotted  with  small  yelloi^^ 
blotches;  part  of  leaves  curling 

65 

Oak 

15 

7 

Healthy;  veins  on  the  back  of  the  leaves  a  littl—  M 
yellow 

66 

Birch 

12 

7 

Dead 

67 

Oak 

15 

7 

Partly  injured;  leaves  brownish  in  color 

68 

Oak 

12 

7 

Partly  injured;  leaves  on  main  stem  healthy 
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TABLE  2-CouHHued 


NUMBER  or 

TUCK 

STUICP 


W 


70 

Maple 

71 

Oak 

72 

Birch 

73 

Oak 

74 

Oak 

75 

Oak 

76 

77 
78 

79 

80 

81 

82 
83 

84 


89 


90 


91 


VAKIETY 


Maple 


Oak 

Cherry 
Oak 

Maple 

Maple 

Oak 

Chestnut 
Oak 

Oak 


85 

Oak 

86 

Oak 

87 

Oak 

88 

Oak 

Birch 


Oak 


Oak 


APPROXX- 

MATE 

HEIGHT 

SALT 
APPLIED 

feet 

pounds 

8 

7 

10 

7 

10 

8 

13 

8 

14 

8 

17 

8 

13 

8 

15 

8 

13 

8 

18 

8 

10 

8 

10 

8 

12 

9 

18 

9 

13 

9 

12 

9 

11 

9 

16 

9 

16 

9 

15 

9 

15 

9 

18 

9 

18 

10 

CONDITION  AUGUST  7,  1919 


Injured;  leaves  dropped;  making  second  growth 
but  leaves  tiny  and  curled,  clustering  around 
the  stem;  size  of  new  leaves  from  one-tenth  to 
three-tenths  of  normal  size;  these  small  clus- 
tered leaves  wither  after  a  short  time 

Seriously  injured;  only  a  few  leaves  (top)  of 
highest  branches  left,  these  brown  and  curled 

Injured;  all  leaves  brownish;  lower  leaves  of 
branches  dropping,  remainder  had  a  sick  ap- 
pearance; curling 

Dead 

Slightly  injured;  leaves  brownish  in  color 

Partly  injured;  leaves  with  brown  edges 

Injured;  leaves  yellow;  sickly  appearance;  curl- 
ing 

Veins  on  the  back  of  the  leaves  yellow;  devel- 
oping later  into  sf>otted  leaves 

Injured;  leaves  yellowish 

A  number  of  leaves  brown,  dried;  some  with  only 
brown  edges 

All  leaves  dropped  and  ver>'  small  new  shoots 
formed  which  dried  out  later 

All  stems  dead,  but  a  few  small  new  shoots  start- 
ing from  roots 

Slightly  injured;  second  growth  extremely  vigor- 
ous 

Seriously  injured;  all  leaves  brown  and  curling 

Injured;  sickly  appearance.  (A  birch  standing 
nearby  killed  by  the  same  dose) 

Partly  injured;  most  of  the  leaves  look  sickly, 
with  a  shiny  brown  surface 

Injured;  brownish  leaves,  curling  at  the  edges 

Seriously  injured;  higl^est  leaves  of  top  shoots 
dropped  and  remainder  brown  and  sickly 

Yellow  tint  on  all  leaves 

Injured;  leaves  brownish  with  a  rubber-like 
consistency 

Seriously  injured;  only  few  leaves  at  the  end  of 
the  highest  shoots  left.  (A  maple  standing 
nearby  also  badly  injured  by  the  same  dose) 

Partly  injured;  leaves  of  the  shorter  stems  brown 
and  curled;  those  of  the  higher  stems,  however, 
very  large 

All  veins  on  the  back  of  the  leaves  yellowish, 
giving  the  appearance  of  lace-work 
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VAHBIT 

B^^ 

A^uL 

coHDmwi  Acocsi  J,  19H 

/"I 

pt,nd. 

92 

Oak 

12 

10 

Injured;  sickly  appearance;  leaves 
of  local  discolorations,  starting  i 
end  of  the  small  veins  and  gtM 
ing;  after  some  time  leaves  ba 
have  a  rubbei-like  con^tenc] 
braUc  OT  tear  these  leaves 

93 

Oak 

12 

10 

Part  of  the  leaves  brown  and  curie 

M 

Maple 

S 

10 

All  leaves  that  are  left  are  brown  a 

95 

Birch 

IS 

10 

Most  of  stems  dead;  a  few  serious] 
one  apparently  healthy;  smal 
from  roots 

96 

Maple 

12 

10 

Dead 

97 

Ash 

10 

10 

Dead,  except  two  small  new  shoots 
the  roots 

98 

Oak 

17 

10 

Slightly  mjured;  oofy  few  leave 
brownish 

99 

Maple 

12 

10 

No  leaves  of  the  first  growth  left,  1 
shoots  of  the'  second  growth  ap( 
small  sboota  dried  out 

100 

Oak 

15 

10 

Sickly  appearance  like  do.  92;  only 
branches  left;  all  leaves  near  st 
giving  the  stems  the  appearano 
the  late  autumn,  when  a  few  U 
left  before  heavy  frost 

101-130 

Oaks, 

None 

All  trees  healthy  throughout  the 

Maples, 

None 

except  two  o(  the  chestnut  trees 

Birches, 

None 

sick;  their  leaves  bebg  brownisl 

Chestnuts, 

None 

toward  the  end  of  the  season 

etc. 

young  leaves  having  a  withered  appearance.  The  salt  was  at  th 
yet  completely  dissolved  under  these  injured  trees.  On  June  't 
trees  which  showed  injury  at  the  earlier  date  were  making  new  sp 
before  the  second  growth  of  the  control  birch  trees  started.  1 
oaks  appeared  at  this  time  more  thrifty  than  the  untreated,  havi 
darker  green  foliage.  An  examination  on  June  15  showed  that! 
and  birch  trees  which  received  the  larger  application  were  dying 
the  oaks  with  the  same  application  were  injured;  the  leaves  get 
edges  and  slightly  curling.  Those  with  smaller  amounts  had  an  e 
ferent  appearance.  Here  the  salt  seemed  to  act  as  a  fertilizer 
broad,  heavy,  dark  bluish-green  leaves. 

An  individual  examination  was  made  on  August  7,  at  the  hei 
season.    The  results  are  given  in  table  2, 
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DISCUSSION 

The  ph3^ological  influence  of  sodimn  chloride  upon  the  different  species 
of  trees  is  by  no  means  the  same.  The  susceptibility  to  injury  differs  greatly 
not  only  for  the  different  species,  but  also  within  the  same  species.  Indi- 
viduals, often  standing  close  to  each  other,  and  apparently  growing  imder  the 
same  circiraistances — as  far  as  moisture,  weather  conditions  and  soil  type 
go — react  so  differently  that  it  is  difficult  to  say  where  the  injury  of  a  certain 
amoimt  of  salt  starts  and  where  the  stimulating  or  beneficial  effect  stops. 
This  is  especially  true  for  the  hardy  oak  woods.  The  soft-wood  trees  are 
much  more  easily  injured.  However,  the  range  of  injury  for  maple  and  birch 
is  also  rather  wide.  A  small  application  of  salt  acts  apparently  as  a  fertilizer 
for  oak  trees.  Some  trees  make  even  a  vigorous  growth  with  an  application 
of  7  poimds  of  sodium  chloride.  In  some  cases  injury  occurs  when  4  pounds 
are  applied.  In  the  case  of  birch  trees  slight  injury  is  recorded  by  an  appli- 
cation of  3  pounds.  The  range  for  birch  trees,  of  a  height  of  approximately 
IS  to  18  feet,  between  stimulation  and  injury  seems  to  be  approximately  2  to 
3  pounds.  The  maple,  which  grows  fast  and  consequently  takes  up  mois- 
ture more  rapidly  for  transpiration  of  food  materials,  etc.,  is  affected  by  as 
little  as  1  or  2  poimds  of  salt. 

As  a  rule  the  stimulating  or  fertilizing  effect  results  in  longer  shoots  and 
larger  leaves  which  have  often  a  darker  green  color  than  the  leaves  of  untreated 
trees.  The  surface  of  these  leaves  is  shiny,  sometimes  having  a  waxy  con- 
sistency. The  larger  the  leaves  are,  the  darker  green  is  their  color,  and  the 
more  glossy  is  their  surface.  With  oak  trees  the  leaves  are  not  only  extremely 
large,  but  also  a  greater  number  have  developed.  This  gives  the  leaves  the 
effect  of  a  very  luxuriant,  tropical  growth. 

The  injury  by  all  trees  is  shown  in  a  somewhat  similar  way.  In  several 
cases  the  main  (tallest)  stems  of  oak  trees  were  affected  in  such  a  way,  that 
the  leaves  were  large,  bluish-green,  with  a  vigorous  growth  in  the  secondary 
top  shoots,  while  leaves  of  the  side  (shorter)  stems  showed  slight  injury.  In 
several  cases  the  leaves  of  the  different  stems  of  the  same  tree  were  measured. 
Number  64  for  instance  (plate  1)  shows  a  niunber  of  leaves  of  the  main  stem 
which  had  an  average  length  (measured  from  base  to  tip)  of  30  cm.  and  a 
width  of  24  cm.,  while  the  average  length  of  a  number  of  leaves  of  the  side 
stems  was  only  15  cm.  with  a  width  of  12  cm.  All  leaves  were  taken  from 
top  shoots.  The  shape  of  the  leaves,  due  to  their  great  difference  of  dimen- 
sions, was  accordingly  different,  the  deep  incisions  more  or  less  disappearing 
with  increasing  size.  These  large  leaves  were  quite  often  bloated,  the  par- 
enchyma bulging  up  between  the  primary  and  secondary  veins,  giving  the 
leaves  an  unnatural,  dropsical  appearance  (plate  1,  fig.  1).  Signs  of  injury  of 
the  oak  trees  started  usually  at  the  extreme  end  of  the  smaller  veins.  At  the 
end  of  the  tracheids  occurred  a  very  slight  discoloration,  probably  due  to  the 
chlorine-ion  entering  the  cell  and  changing  the  composition  of  the  chlorophyll. 
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sail 
cczL  CcrfiDr  of  dbe  ksws  as  a  nde  ^jpened  fiESt  on 
tlK  lerres  dosest  to  the  scan  bdn^  attarfcrf^  Mst.  Tbe  mjcsv  spRad  gnd- 
Qilfr  bnr  •r^a^'irTwg  the  hichcr  leaves,  azad  tiaekavvs  ol  the  top  sboots 
aSecrcii  fast.  Tlds  resaked  m  sevvnl  cases  m  cning  the  trees  m 
ac  zzKiffSBiBMDt  ol  *^""""'  ticcs  bcfoce  heaiv  frost  has  lanoral  the  leaves  of 
tise  ezad  jjranfhr*  and  top  shoots. 

AhhoQzb  t2ae  fn^faenrr  of  soc&mn  rhlnrHr  on  the  birth  trees  vas  sfanDar 
to  that  OQ  the  caks.  in  sccse  lea^jeits  the  icsoks  were  <fiScicnt.  Trees  wfaidi 
were  zivcn  ^nalhr  apf^catioos  made  %jgotous  growth,  the  leaves  of  the 
tresJ^M  trees  beaxninzlarser  and  more  eioesy  than  those  of  mitrcated  trees. 
Izstea/i  of  b^'iinz  a  greater  number  of  leaves,  hovevcr.  as  m  the  case  of  oaks, 
the  ihrjots  cufre  cf^en  wtzt  eloDsated  so  modi  that  the  leaves  seemed  to  be 
^Izotd  farmer  apart  no.  40.  plate  3;.  Where  only  1  or  2  pounds  of  the  salt 
was  2z>z*ll£^^  'iijt  trees  were  very  luxuriant  but  wben  given  3,  4  or  5  pounds 
in;.:n7u=  t'^tcis  were  predominant.  The  leaves  became  slightly  j-eDow- 
Kjotte<i  an-i  turned  more  or  less  suddenh'  into  the  typical  autumn  yellow 
Oiler  of  birch  trees.  After  dropping  these  leaves,  tiny  new  shoots  with  light 
yellowish-colored  leaves  appeared,  which  stood  usually  close  to  the  stems. 
These  shoots  wctc  probably  the  latent  buds  forced  to  grow  under  the  influence 
of  the  sodium  chloride  in  an  efitort  to  survTV'e.  These  3nall  new  shoots  would 
soon  turn  black  and  dry  out  Opiate  3).  In  some  cases  a  third  effort  was  made 
by  the  trees  which  sent  out  small  new  shoots  from  the  roots.  In  nearly  all 
cases  these  young  stems  suffered  the  same  fate,  as  the  tiny  new  "secondary^' 
shoots. 

.\nother  peculiarity  is  shown  in  plates  3  and  4.  The  trees  which  produced 
the  elongated  branches  looking  as  though  they  were  outgrowing  themselves, 
made  a  peculiar-shaped  catkin.  The  catkins  while  in  bloom  were  observed 
to  have  an  abundance  of  stamens  on  the  part  nearest  to  the  stems,  while  the 
upper  part  was  relatively  poor  in  stamens.  This  resulted  in  gi\Tng  the  catkins 
a  conical,  pointed  shape.    The  writer  was  not  able  to  detect  an  untreated 
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birch  tree  in  this  swamp  which  had  similar-shaped  catkins.  They  occurred 
only  when  the  tree  was  moderately  injured.  Photographs  (plate  4)  of  the 
dry  catkins  made  in  the  middle  of  November  show  the  same  rather  pronowced . 
pointed  shape,  due  to  fewer  and  smaller  seeds.  The  seeds  of  the  tips  ^  ^se- 
catkins  were  smaller,  the  wings  of  the  seeds  toward  the  upper  ends  comjhnred 
with  the  wings  of  the  nutlets  nearest  to  the  stem  were  much  smaller,  the 
length  and  the  width  of  the  wings  gradually  decreasing  toward  the  tip  of  the 
catkin.  The  salt  seemed  to  shrivel  these  catkins  in  a  similar  way  as  it  did 
the  leaves.  Whether  the  shriveling  is  due  to  the  chlorine  itself  or  to  the  pre- 
venting of  the  necessary  food  materials  from  entering  the  cells,  could  not  be 
made  out. 

The  soft-wooded  maples  were  affected  most  quickly.  Even  when  an  ap- 
plication of  only  1  pound  of  sodium  chloride  was  made,  a  yellowish  tint  oc- 
curred in  the  leaves.  This  yellow  tint  changed  rapidly  into  a  black-brown 
by  a  heavier  application.  The  leaves  curled,  became  brown  at  the  edges  and 
finally  dropped.  The  leaves  at  the  end  of  the  top  shoots  were  quite  regularly 
injured  first,  the  other  leaves  of  these  branches  following  and  the  leaves  of  the 
lower  branches,  progressing  in  the  same  order,  last.  The  l>rown  edges  were 
very  dry,  and  broke  easily  by  slight  rubbing  or  when  the  wind  shook  the 
branches.  If  the  wind  moved  the  branches  more  vigorously,  the  leaves  rattled 
as  leaves  will  do  which  have  remained  on  the  trees  in  the  fall.  The  new  shoots 
of  the  secondary  growth  in  the  cases  of  slight  and  moderate  injury  were  very 
short.  They  would  cluster  together,  curling,  and  had  a  yellow-green  color. 
The  leaves  and  branches  which  survived  never  became  larger  than  from  one- 
tenth  to  three-tenths  of  the  ordinary  size  of  leaves  (plate  6).  The  older  in- 
jured leaves  began  gradually  to  drop  soon  after  the  heavier  applications  were 
given,  and  the  tree  made  the  usual  effort  to  survive  by  sending  out  small  new 
shoots  from  latent  buds  (plate  6).  Those  tiny  branches  clustered  around  the 
stem,  became  yellow,  curled  and  dropped  in  nearly  all  cases. 

If  the  height  of  the  trees  was  taken  into  consideration  it  was  quite  evident 
that  the  injury  decreased  with  the  increasing  size  of  the  trees.  A  same  ap- 
plication by  weight  would  often  do  no  harm,  or  injure  only  slightly  a  tall  tree, 
while  a  lower  one  of  the  same  species  would  be  badly  injured  or  sometimes 
kiUed. 

It  does  not  seem  justifiable  to  describe  in  detail  and  draw  conclusions  from 
the  behavior  of  the  chestnut  trees.  Only  comparatively  few  chestnuts  were 
included  and  two  of  the  five  labelled  "control''  had  a  sickly  appearance  at  the 
height  of  the  season.  Some  of  the  same  kind  of  trees  standing  in  the  swamp 
were  also  brownish  and  sickly.  The  data  of  the  few  cherry  and  dogwood  trees 
in  this  experiment  are  given  only  for  completeness  of  the  record.  All  twenty- 
five  trees  marked  "control"  which  were  xmder  constant  observation,  besides 
hundreds  of  others  in  the  swamp  were  healthy  throughout  the  entire  season. 
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POSSIBLE  EFFECTS  OF  CHLORINE 

Whether  it  is  a  combination  of  the  sodium  and  chlorine-ions  or  the  chlorine- 
ion  alone  which  causes  the  physiological  responses  within  the  cell,  is  not  known. 
Bolin  (4)  concludes  from  his  various  fertilizer  tests  with  a  number  of  different 
soils,  that  the  influence  of  the  NaCl  used,  depended  on  its  chlorine  content, 
but  not  on  its  content  of  sodium.  Soderbaum  (29),  experimenting  with  a  poor 
sandy  soil  deficient  in  chlorine,  admits  that  the  remarkable  increase  might  have 
been  caused  partly  by  the  replacing  of  potassium  by  sodium,  but  the  propor- 
tionate growth  was  beyond  the  amoimt  of  potassium  and  phosphorus  added. 
He  used  three  portions  of  soil,  adding  a  complete  fertilizer  containing  nitrogen 
in  the  form  of  NaNOs,  (NH4)2S04  or  NH4CI.  Sodium  chloride  was  added  in 
equivalent  amounts  to  the  NaNOs.  A  noticeable  increase  in  yield  in  behalf  oi 
the  salt  when  added  to  the  NaNOs  and  (NH4)sS04  was  foimd,  but  not  with 
NH4CI.  There  could  not  have  been  any  hygroscopic  action  of  the  salt,  as  the 
pots  were  constantly  Mratered.  The  investigator  estimates  an  absorbed  amount 
of  0.126  gm.  of  chlorine  by  the  plants.  These  investigations  were  repeated 
and  correlated  by  Sdderbaum  (30)  in  1915.  He  makes  the  statement  (page 
20) :  "  It  can  hardly  be  doubted  any  longer,  the  chlorine  is  an  important  factor 
in  physiological  changes." 

Only  hypotheses  are  given  by  some  of  the  investigators  concerning  the  way 
sodium  chloride  may  react  within  the  plant  cell.  The  fact  that  there  is  a 
relation  between  the  chlorine  content  and  the  accumulation  of  starch  in  pota^ 
toes,  led  Pfeffer  and  his  students  (26)  to  the  suggestion  that  enz3ane  acticm 
might  be  the  controlling  factor.  Tottingham  (32)  makes  the  suppositi<Mi 
that  the  concentration  of  chlorine  in  the  cell  may  exert  marked  controlling 
influences  upon  the  activities  of  intracellular  enz>Tnes  and  if,  in  turn,  many 
vital  activities  of  the  plant  are  controlled  by  enzyme  action,  the  physiological 
responses  might  be  brought  about.  From  the  data  secured  in  our  exp>eriment 
it  seems  quite  evident  that  the  injurious  and  stimulating  effects  are  caused 
mostly  by  the  chlorine.  Whether  the  chlorine  combines  with  the  chlorophyll 
or  acts  upon  it  in  some  other  way  to  destroy  it,  can  not  be  made  out  as  yet. 
It  is  possible  that  the  chlorine  increases  the  acidity  in  the  cell,  which  could 
accelerate  the  vital  activities  or  enzymatic  actions  to  a  certain  extent.  By 
a  too  large  increase  of  acidity  the  acceleration  would  change  into  a  toxic  action. 
The  fact  that  applications  of  small  amounts  of  NaCl  which  resulted  in  a  lux- 
uriant growth,  giving  the  leaves  an  extremely  dark  color,  change  to  a  toxic 
effect  whereby  the  leaves  become  gradually  brown,  when  a  greater  dose  is  given, 
seems  to  support  this  supposition.  Another  observation  seems  to  point  in 
the  same  direction.  A  comparison  between  dead  and  live  wood  of  trees  of 
the  same  species,  showed  that  the  hydrogen-ion  concentration  differs.  The 
pH  values  for  live  wood  were  lower  than  for  dead  wood,  indicating  that 
the  acidity  of  these  live  trees  was  higher  than  of  the  dead  trees.  The  pre- 
liminary studies  on  this  part  of  the  subject,  however,  are  not  yet  far  enough 
advanced  to  permit  of  drawing  conclusions. 
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SUMMARY 

E3q>erimeiits  were  made  upon  100  trees  (oak,  birch  and  maple)  with  sodium 
chloride;  applications  ranging  from  1  to  10  pounds  were  made  to  individual 
trees. 

Some  trees  showed  injury  as  early  as  6  weeks  after  the  application,  while 
after  10  weeks  a  number  of  trees  were  seriously  injured  and  some  dying.  The 
leaves  of  these  trees  turned  brown  and  curled.  An  examination  made  at  the 
height  of  the  season  showed  some  marked  external  changes.  Smaller  applica- 
tions of  salt  apparently  acted  as  a  fertilizer.  The  trees  treated  with  a  small 
application  were  making  a  vigorous  growth,  the  leaves  becoming  very  large 
and  thick,  having  a  dark  blue-green  color  and  glossy  surface.  Others  elon- 
gated their  branches  making  the  distance  between  the  leaves  unusually  wide. 
The  first  signs  of  toxicity  appeared  usually  at  the  edges  of  the  leaves  at  the 
extreme  end  of  the  tracheids,  or  in  the  primary  and  secondary  veins.  The 
injury  spread  gradually  until  the  leaves  had  a  spotted  sickly  appearance. 
After  some  time  the  leaves  dried  out  with  a  rubber-like  consistency.  These 
leaves  kept  their  flat  and  glossy  surface  and  dropped  from  the  branches.  If 
the  injury  started  at  the  edges  of  the  leaves,  they  gradually  turned  brown, 
curled,  but  remained  on  the  trees.  When  the  injury  appeared  in  the  veins 
first  a  beautiful  yellow-colored  lace-work  seemed  to  cover  the  imder-side  of 
the  leaves. 

Quite  frequently  the  trees  made  an  effort  to  survive  by  sending  forth  tiny 
new  branches  from  latent  buds.  These  small  branches  in  nearly  all  cases 
turned  black-brown  and  dried  out. 

Most  of  the  trees  which  were  given  smaller  applications  made  a  secondary 
growth  long  before  the  imtreated  trees  standing  nearby. 

Of  the  trees  experimented  with,  the  maple  is  the  most  easily  affected  by 
sodium  chloride,  followed  by  the  birch  and  finally  by  the  oaks. 

The  rate  of  injury  seems  to  be  dependent  upon  the  height  of  the  trees. 
The  higher  trees  were  more  resistant  than  the  lower  ones  of  the  same  species. 

It  is  possible  that  the  chlorine  increases  the  acidity  in  the  plant  cell,  accel- 
erating or  harming  the  vital  activities,  according  to  the  amount  employed. 

The  fact  that  a  small  amount  of  sodium  chloride  acts  as  a  fertilizer  or  as  a 
stimulant  for  trees  and  shrubs,  may  lead  to  the  more  general  use  of  common 
rock  salt  for  certain  plants,  while  the  toxic  effects  of  the  larger  applications 
might  be  employed  in  the  eradication  of  weeds  and  the  clearing  of  farm  land 
from  live  stumps. 
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PLATE  1 


Fig.  1.  Two  top  branches  of  the  same  oak  tree  showing  the  difference  in  length  and  widr  .fc^flth 
of  leaves.    The  shape  of  the  leaves  is  changed,  because  of  the  great  difference  in 


The  largest  leaves  show  unnatural,  vigorous  growth,  with  the  parenchyma  bulging  up 
the  primary  and  secondary  veins. 

Fig.  2.  Another  view  of  the  smaller  branch  in  figure  1,  showing  signs  of  injury  si 
with  the  lowest  leaves  of  side  branches  and  top  shoots;  leaves  beginning  to  curl. 
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PLATE  2 

Fig.  1.  Oak  branch  with  leaves  which  have  a  sickly  appearance.  Injury  starts  at  the 
extreme  end  of  the  tracheids  and  proceeds.    Leaves  do  not  curl. 

Fig.  2.  Oak  branch  showing  injury  which  results  in  the  dropping  of  the  leaves;  this  gives 
the  tree  an  autumn-like  appearance. 
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PLATE  3 

Fig.  1.  Birch  with  elongated  shoots  as  result  of  the  application  of  NaCl.  Catkins  have 
a  conical  shape. 

Fig.  2.  Birch  with  shoots  from  latent  buds,  which  turn  black-brown,  dry  out  and  drop 
oflf.    Leaves  from  last  year's  buds  have  dropped  previously. 
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PLATE  4 
fit,,  ].  (^Atkmsk  on  br^achts  of  bcrdi  txccs  traxjtd  and  ontmlcd  with  NaCl;  the  fonner 

fir,.  2,  OokxiM  removed  from  branches;  about  twi>-tidrds  actml  siac    r'^tSral  cmtkins 
have  fewer  aivi  smaller  nutleU  tr>irard  the  tips. 
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PLATE  4 


Fid.  1   (Upper; 


KiG.  2  U-ower; 
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PLATE  5 

Fig.  1.  Branch  of  treated  chestnut  tree. 

Fig.  2.  Branch  of  maple  showing  beginning  of  injury  on  the  end  leaves  of  the  shoots. 
The  highest  leaves  are  afifected  first. 
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PLATE  6 

Fig.  1.  Injured  maple  at  a  further  stage  than  in  plate  5.    These  leaves  diy  out  and  bi 
by  slight  rubbing  or  by  swaying  in  the  wind. 

Fig.  2.  Tiny  shoots  from  latent  buds  made  in  an  efifort  to  survive.    These  leaves  wh. 
never  grew  larger  than  one-tenth  to  three-tenths  of  the  usual  size,  became  yellow 
curled,  and  dropped  ofif. 
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PLATE  7 

Fig.  1.  Treated  birch  dying  on  August  7. 

Fig.  2.  Treated  oak  with  autumn-like  appearance.    All  leaves  nearest  to  the  main  st:< 
have  dropped. 

Fig.  3.  Maple  which  made  large  leaves  in  secondary  growth.    Older  leaves  all  dropp^c        ^' 
Only  the  new  leaves  on  the  top  shoots  remained. 
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THE  ISOLATION  AND  STUDY  OF  NITRIFYING  BACTERIA^ 

W.  M.  GIBBS 
DtpartmmU  of  BacUriohgy,  Idaho  Apicidiurai  ExpanmuU  StaUtm 

Eecdved  for  pdiUcitiai  Deoente  8. 1919 

iNixoDncnoN 

The  formation  of  nitrates  from  organic  nitrogenous  substances  in  soil  has 
been  known  for  a  long  time.  As  far  back  as  the  middle  of  the  nineteenth 
century  the  nature  of  this  process  was  discussed  and  was  considered  by  the 
majority  of  investigators  to  be  purely  chemical.  This  chemical  view  was  held 
by  Kuhlman  (30),  Dumas  (17),  Mulder  (36)  and  other  investigators,  and  was 
further  substantiated  by  the  great  chemist  Liebig  (32)  whose  powerful  influ- 
ence no  doubt  prevented  an  earlier  discovery  of  the  actual  cause  of  nitrifica- 
tion. The  results  of  Boussingault  (12)  (1860)  demonstrated  that  the  nitrogen 
of  nitrates  does  not  come  from  the  supply  of  the  air.  In  1878  Schl5essing  and 
Miintz  (51),  from  a  study  of  sewage  disposal,  presented  a  most  remarkable 
paper  in  which  they  demonstrated  that  the  oxidation  of  ammonia  to  nitrite  is 
due  to  micro5rganisms  found  in  soil.  Their  results  led  to  numerous  attempts 
to  isolate  the  organism,  but  without  success.  Warington  (59,  60,  61),  Frank 
(18),  Frankland  (19),  Adametz  (1),  and  Heraus  (24)  attempted  to  secure  the 
organisms  in  pure  culture  but  were  unsuccessful. 

HISTORICAL  REVIEW 

Warington  (59,  60,  61)  began  the  study  of  nitrification  prior  to  1878,  and 
continued  it  through  to  1890.  Although  his  cultures  contained  a  large  num- 
ber of  ammonia-oxidizing  organisms,  he  was  not  able  to  isolate  on  agar  or 
gelatin-plates  pure  cultures  of  this  organism.  He  secured  many  pure  cultures 
from  plates  but  never  the  true  ammonia  oxidizer.  Similar  attempts  to  secure 
pure  cultures  of  the  nitrite-oxidizing  organism  resulted  in  failure. 

The  Franklands  (19)  (1890)  worked  on  the  problem  of  the  isolation  of  the 
nitrite-forming  organism  about  the  same  time  as  Warington.  In  1890  they 
published  a  report  in  which  they  state  that  all  contaminating  forms  were  elim- 
inated from  their  cultures,  except  one,  which  would  grow  in  bouillon  but  would 
not  oxidize  ammonia.    By  repeated  dilution  experiments  they  claim  to  have 

^  A  paper  submitted  in  partial  fulfillment  of  the  requirement  for  the  degree  of  doctor  of 
philosophy  in  bacteriology  in  the  Graduate  School  of  the  University  of  Wisconsin,  November, 
1919.  The  work  reported  in  this  paper  was  carried  out  in  the  Laboratory  of  Agricultural 
Bacteriology  at  the  University  of  Wisconsin. 
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eliminated  this  last  form  and  thus  to  have  secured  a  pure  culture  of  the  nitrite- 
forming  organism. 

Jordan  and  Richards  (27)  (1888-1890),  observed  the  oxidation  of  ammonia 
to  nitrite  and  nitrate  in  samples  of  natural  waters.  Upon  investigation  they 
found  that  the  nitrifying  organisms  were  invariably  present  in  Boston  tap- 
water.  Attempts  to  isolate  the  organism  by  the  gelatin  plate  method  resulted 
in  failure.  Many  organisms  were  isolated  but  none  would  oxidize  ammonia 
in  pure  culture  or  with  a  mixed  culture  of  strains  isolated  from  the  original 
water.  Dilution  methods  were  employed  and  an  organism  obtained  which 
oxidized  ammonia  to  nitrite  and  subsequently  to  nitrate.  Jordan  and 
Richards  are  the  first  American  investigators  to  report  the  isolation  of 
nitrifying  bacteria. 

The  classical  nitrification  experiments  of  Winogradsky  (63,  64,  65)  begin- 
ning in  1890,  stand  out  preeminently,  and  have  never  been  repeated.  The 
results  of  his  earlier  work,  namely,  the  discovery  that  organic  matter  in  cul- 
ture media  is  toxic  to  sulfur  bacteria,  no  doubt  proved  very  helpful  in  his  in- 
vestigation of  the  nitrifying  bacteria.  Winogradsky  was  able  to  isolate  the 
nitrifying  organisms  by  use  of  a  medium  containing  strictly  pure  inorganic 
salts.  First  he  carried  his  mixed  cultures  through  many  enrichments,  Le., 
several  transfers  in  selective  media.  He  then  inoculated  gelatin  plates  from 
these  enrichment  cultures  and  secured  the  anmionia-oxidizing  organism 
(Nilrosamanas)  in  pure  culture  by  the  negative  plate  method,  i.e.,  from  portions 
of  the  plate  which  showed  no  visible  growth.  Later  ^cic  acid  gel  plates  wtrt 
prepared,  containing  anmioniimi  sulfate  and  other  inorganic  salts,  and  the 
colony  characteristics  of  the  organism  studied  in  pure  cultture.  Washed  agar 
was  used  with  similar  success.  One  year  later  he  repeated  the  work  and  iso- 
lated the  nitrite  oxidizer  (Nitrobacter).  Winogradsky  states  that  both  nitri- 
fying organisms  are  slow  to  develop  on  solid  media  and  are  visible  first  under 
the  microscope  after  an  incubation  period  of  2  to  6  weeks.  Growth  on  the 
plates  is  detected  first  by  chemical  tests.  After  all  of  the  ammonium  sulfate 
or  the  sodium  nitrite  is  oxidized  more  is  added  in  small  wells  made  by  remov- 
ing portions  of  the  medium,  and  in  this  manner  the  size  of  the  colonies  in- 
creased. He  describes  the  nitrite-forming  organism  {NUrosonwnas)  as  an 
oval  or  ellipsoidal  cell  0.9  to  1  )u  wide  and  1.2  to  1.8  /^  in  length.  There  are 
two  types,  one  persisting  in  zooglea-like  growth,  the  other  in  single  cells;  the 
former  produces  no  turbidity  in  the  solution,  while  the  latter  produces  turbidity. 
The  single-celled  form,  termed  "Schwarmer"  is  motile,  with  a  single  polar 
flagellum.  The  colonies  on  silicic  acid  gel  appear  (enlargement  of  100  diame- 
ters) as  small  refractive  bodies  with  sharp  outline,  at  first  colorless,  later  brown 
and  finally  a  characteristic  dark  brown.  Some  colonies  remain  compact  while 
others  have  a  main  central  kernel  surrounded  by  single  cells.  The  colonies 
are  exceedingly  tenacious  and  difficult  to  tear  apart  with  the  platinum  needle. 
The  nitrate-forming  organism  (Nitrobacter)  is  0.3  to  0.4  fi  wide  and  about  1  /i 
long,  the  cells  occurring  singly  or  in  pairs  and  occasionally  in  threes.    They 
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ure  spindle-shaped,  non-motile,  and  possess  a  capsule  which  makes  them  dif- 
icult  to  stain.  After  a  period  of  10  days  colonies  on  washed  agar  appear  as 
trongly  refractive  bodies  at  a  magnification  of  150  to  200  diameters,  and  after 
wo  to  three  weeks  are  rounded,  oval,  or  heart-shaped,  30  to  50  /i  in  diameter, 
omewhat  brown  and  shiny.  Winogradsky  isolated  these  organisms  from  the 
oils  of  many  different  countries  and  foimd  that  they  varied  only  slightly  in 
norphology. 

He  carried  out  many  experiments  and  found  in  all  cases  that  soluble  organic 
natter  is  very  toxic  to  these  organisms.  Moreover,  in  cooperation  with 
Dmeliansky  (67),  he  noted  that  glucose,  peptone,  asparagin,  glycerin,  and  urea 
ire  fatal  in  quantities  of  0.2  to  1  per  cent.  Bouillon  was  used  as  a  test  for 
purity,  and  if  no  growth  was  visible  at  the  end  of  10  days  the  culture  was  con- 
ddered  pure.  They  found  that  the  carbon  must  be  derived  from  free  carbon 
lioxide  or  the  bicarbonates;  carbon  from  organic  substances  or  from  normal 
:arbonates  is  not  available.  For  each  part  of  carbon  assimilated  by  Nitro- 
\omonas  35  parts  of  nitrogen  are  oxidized  to  nitrite,  and  for  each  part  assim- 
lated  by  Nitrohacter  40  parts  of  nitrite  nitrogen  are  oxidized  to  nitrate. 

From  1892  to  1896,  Godlewski  (21,  22,  23)  worked  with  nitrifying  organisms 
md  by  means  of  a  series  of  carefully  planned  experiments  confirmed  the  work 
rf  Winogradsky  in  regard  to  their  source  of  carbon.  He  later  repeated  the 
KTork  in  mixed  cultures  and  found  that  nitrification  will  not  take  place  unless 
:arbon  dioxide  is  present. 

In  1895  Burri  and  Stutzer  (13, 14)  claim  to  have  isolated  the  nitrate-forming 
organism,  and  stated  that  it  grew  in  bouillon.  After  a  controversy  of  consid- 
erable duration,  Winogradsky  (65)  secured  one  of  their  supposedly  pure  cul- 
tures and  found  that  it  contained  other  organisms.  He  isolated  from  this 
:ulture  the  true  nitrate-forming  organism  and  two  other  forms.  Two  years 
later  Stutzer  and  Hartleb  (56)  took  up  the  problem  again,  made  enrichment 
:niltures,  and  inoculated  agar  plates.  After  a  period  of  4  to  6  weeks  the  nitrite 
in  the  plates  was  oxidized  and  colonies  developed  which  converted  nitrite  to 
litrate  in  liquid  media  but  would  produce  no  growth  in  bouillon.  Agar 
slopes  containing  nitrite  were  inoculated  and  after  a  long  period  of  incubation 
growth  developed  which  was  not  continuous  over  the  agar  but  made  up  of 
nany  very  small  beads.  When  examined  in  the  hanging  drop,  the  organisms 
wrere  found  to  have  yeast-like  buds.  They  also  isolated  NUrosomonas  by  use 
rf  magnesium-ammonium-phosphate  (MgNH4P04)  agar  plates.  On  this 
phosphate  mediiun  colonies  developed  after  4  weeks;  but  no  growth  could  be 
secured  on  silicic  add  gel.  Stutzer  claims  to  have  isolated  the  organisms 
from  the  gel  by  the  negative  method. 

In  1897  Stutzer  and  Hartleb  (56)  attempted  to  explain  the  presence  of  the 
contaminating  forms  found  in  their  culture  by  Winogradsky,  and  did  further 
work  on  the  carbon  relation  of  the  organism  in  pure  culture.  Four  years  later 
they  published  a  remarkable  paper  (57)  concerning  the  isolation  of  the  nitrify- 
bg  organisms.    By  the  use  of  enrichment  cultures  and  washed  agar  they  isolated 
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A  nitrate-forming  organian  to  which  they  gave  the  name  NiiromicrMmm* 
Their  de8crq>tion  of  the  physiological  properties  of  the  organism  is  similar  to 
that  given  by  Winogradsky  for  NUrobackTf  and  in  morfdiology  it  varied  but 
little  from  NUrobadeff  the  chief  di£ference  being  a  yeast-like  budding  of  Niir^* 
microbium.  They  repotted  also  the  presence  of  another  organism  which  was 
strikingly  similar  to  NUrobackr  and  NUrtmicrcbmm  but  did  not  oxidize  nitrite 
to  nitrate.  This  non-nitrifying  form  they  called  Hyphamicrobium.  The 
colony  characteristics  were  much  the  same  as  those  of  NUrobader.  In  common 
with  NUrobader,  a  medium  containing  nitrite  was  essential  for  the  growth  of 
Hyphomicrobmm.  This  organism  was  oval  in  shape,  0.8  $i  wide  and  1.2  to  1.5 
ft  long.  It  would  not  grow  in  bouillon  but  would  grow  in  a  solution  contain* 
ing  asparagin  or  ammonitun  sulfate.  The  greatest  di£ference  between  Hyphih 
microbium  and  NitrobacUr  was  a  thread-like  growth  of  very  small  rods  which 
could  be  seen  growing  from  one  pole,  or  sometimes  both  poles,  of  the  Hypfuh 
microbium  cells.  The  authors  are  firm  in  their  statement  that  Winogradsky 
did  not  at  all  times  have  a  pure  culture  because  he  used  the  bouillon  test  as  a 
criterion  of  purity  and  there  are  other  organisms  which  will  not  grow  in  bouil- 
lon, for  example  Hyphomicrobium.  This  report  contains  21  photomicrographs 
of  the  organisms.  Stutzer  (55)  later  reported  on  the  isolation  of  NitrobacUr 
by  means  of  imwashed  agar  plates.  The  bud-like  growth  was  again  observed* 
Magnesium-ammonium-phosphate  agar  plates  were  used  successfully  for  the 
isolation  of  NUrosomonas.  Silicic  acid  gel  was  also  used  but  did  not  give  sat* 
isfactory  results.  The  nitrite-forming  organism  was  secured  from  the  gel 
by  the  negative  method. 

In  the  literature  on  nitrification  it  seems  that  this  report  of  Stutzer  and 
Hartleb  has  been  overlooked.  The  writer  of  the  paper  presented  herewith  has 
noticed  a  very  short  stem-like  growth  in  many  stains  of  his  pure  cultures  of 
NUrobacter.  Such  growth  is  very  noticeable  when  the  preparation  is  stained 
by  any  method  for  staining  flagella,  but  is  seldom  seen  in  the  ordinary  stained 
preparation.  Results  obtained  by  the  writer  lead  him  to  believe  that  these 
investigators  were  nearer  the  truth  than  is  commonly  thought. 

Beddies  (5,  6),  in  1899,  reported  the  isolation  of  nitrifying  organisms. 
He  found  that  the  organisms  were  not  very  sensitive  to  high  concentrations 
of  organic  matter  and  were  aided  by  the  presence  of  compost  and  humus 
in  the  medium.  The  solid  medium  he  used  consisted  of  silicic  add  gel  con- 
taining 1  per  cent  of  a  concentrated  humus  solution.  The  organisms  were 
able  to  form  spores  under  certain  conditions. 

In  1899,  Omeliansky  (40-44)  isolated  the  nitrite-forming  organism  and  in- 
troduced gypsum  blocks  as  a  suitable  solid  substratum.  He  prepared  them 
by  adding  1  per  cent  magnesium  carbonate  (MgCQj)  to  calcium  sulfate 
(CaSOi-HiO)  and  mixing  with  sufficient  water  to  make  a  dough,  which  was  then 
spread  out  on  a  smooth  surface  and  allowed  to  dry.  When  hard  the  blocks 
were  placed  in  petri  dishes,  sterilized,  and  the  solution  containing  the  desired 
salts  poured  into  the  dish.    The  nutrient  solution  readily  diffused  through 
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the  solid  gypsum  block,  the  surface  of  idikh  was  inoculated  with  the  desired 
culture.  He  repeated  a  yellow,  wart-^like  growth  on  the  surface  of  the  Uodc. 
This  method  has  the  advantage  that  the  old  solution  may  be  removed  and 
fresh  solution  added;  it  has  the  disadvantage  that  observation  under  the  micro- 
scope is  difficult  and  unsatisfactory.  In  later  repcx'ts  (45,  46)  Omeliansky 
used  filter  paper  pads  instead  of  gypsum.  He  found  Niirosomanas  was  easily 
stained  with  carbol  fuchsin,  but  that  NUrohacUr  was  much  more  difficult  to 
stain. 

BouUanger  and  Massol  (11)  (1903)  claim  to  have  isolated  both  of  the  nitrl- 
f3ring  organisms.  They  state  that  silicic  acid  gel  was  used  as  the  solid  me- 
dium but  do  not  give  any  cultural  characteristics  or  purity  tests.  They  found 
the  thermal  death  point  of  NUrosamands  to  be  45^C.,  and  that  of  NUrcbacUr 
SS^C.  A  concentration  of  30  gm.  of  ammonium  sulfate  in  1  liter  greatly  re- 
tarded nitrite  formaticm  and  20  gm.  of  magnesium  nitrite  (Mg^Ot)  retarded 
nitrate  formation. 

Fremlin  (20)  (1903)  reported  on  jthe  isolation  of  Nikosonumas.  He  secured 
enrichment  cultures  and  inoculated  plates  of  silidc  acid  gel,  agar  and  gelatin. 
Growth  developed*  on  all  the  plates.  He  claims  to  have  obtained  a  pure  cul- 
ture. He  reported  that  NUrosamoruis  would  grow  in  organic  media.  This 
ccmdusion  was  further  substantiated  by  inoculating  a  slope  of  beef-broth  agar 
from  the  pure  culture,  and  securing  a  moderate  growth.  A  nutrient  ammo- 
nium sulfate  solution  was  inoctilated  from  the  slope,  and  the  solution  then  fil- 
tered several  times  through  sterile  soil  under  aseptic  conditions.  The  ammo- 
nia was  oxidized  to  nitrite  while  a  control  solution  filtered  through  soil  in 
similar  manner  produced  no  oxidation. 

Berstyn  (8)  (1903)  describes  with  exceptional  thoroughness  the  forms  which 
contaminate  NUrobacter  enrichment  cultures.  He  found  the  following  species 
in  the  Fio  generation  of  NUrobacter  culttures, — Bacterium  comes,  Bacterium 
medestum,  Bacterium  dMle,  and  Pseudomonas  humicola.  He  states  that  these 
forms  are  easily  satisfied  in  food  requirement  and  develop  in  bouillon  or  gelatin 
in  very  dilute  solution,  but  will  not  remain  alive  in  distilled  water.  They 
develop  in  the  inorganic  nitrifying  solution  unless  the  salts  used  have  been  re- 
crystallized  and  the  "water  distilled  from  permanganate  and  sulfuric  add.  U 
this  precaution  is  taken  the  forms  will  be  eliminated  in  the  enrichment 
process.  A  very  insignificant  amount  of  organic  matter  is  necessary  to  meet 
their  requirement. 

Wimmer  (62)  (1904)  claims  to  have  isolated  the  organisms,  although  his 
methods  are  not  given.  He  states  that  at  first  neither  Niirosomauas  nor 
NUrobacter  grew  in  bouillon,  but  in  later  experiments  with  the  same  cultures 
NUrobacter  grew.  From  tests  with  the  cultures  made  in  sand,  the  author  con- 
cludes that  organic  matter  is  not  so  toxic  as  in  solution,  but  is  nevertheless 
toxic  in  great  concentration. 

Perotti  (48,  49)  (1906)  experimented  with  the  nitrite-forming  organism. 
These  were  found  in  groups  of  2  to  6  collected  on  the  magneskun  carbonate  la 
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the  bottom  of  the  flask,  but  no  zooglea  fonns  were  noted.  He  considered  it 
the  same  as  the  organism  described  by  Winogradsky,  the  '^  Westeuropaischen'' 
form. 

Bazarewski  (4)  (1906)  isolated  pure  cultures  of  the  nitrate-forming  organism. 
Experiments  were  carried  out  in  sand,  the  results  of  which  confirmed  other 
reports  concerning  the  toxicity  of  soluble  organic  compounds.  On  the  other 
hand,  organic  matter  in  soil  was  found  not  toxic.  The  most  favorable  tempera- 
ture in  pure  culture  was  37^C.  In  soil  and  sand  cultures  1  per  cent  of  dextrose 
stimulated  nitrate  formation  while  larger  amounts  delayed  the  process  but  did 
not  entirely  prevent  it.  From  his  results  the  author  concluded  that  denitii- 
fication  and  nitrification  go  hand  in  hand  in  soil. 

Coleman  (15)  (1908)  worked  with  the  nitrifying  organisms  and  performed 
experiments  in  sand  and  soil.  He  found  that  1  per  cent  of  dextrose  was  not 
toxic,  but  that  2  per  cent  was  extremely  toxic.  Tests  for  purity  were  made 
with  bouillon  and  Heyden  NahrstofiE  agar.  The  cultture  of  Nitrosomonas  was 
reported  impture.  The  ratio  of  nitrogen  to  carbon  for  NUrobacttr  was  found  to 
be  about  40  to  1. 

Owen  (47)  (1908)  reported  the  isolation  of  pure  cultures  of  the  nitrifying 
organisms  and  experiments  with  pure  cultures.  The  organisms  were  used  in 
the  study  of  ''The  EfiEects  of  Carbonates  on  Nitrification."  Very  little  detail 
of  the  work  of  isolation  is  reported.  He  states  that  plates  were  made  on 
washed  agar  and  pure  cultures  secured  from  the  colonies  which  developed.  The 
agar  gave  better  results  than  silicic  add  gel.  No  specific  tests  for  purity  vrere 
made.  Photomicrographs  of  the  organisms  show  vast  differences  in  size  and 
shape  of  the  individual  cells. 

Makrinoff  (34)  (1909)  isolated  Nitrosomonas  and  NUrobacUr  and  carried  out 
experiments  to  test  the  effect  of  organic  matter  on  pure  cultures.  He  prepared 
gypsiun  plates  (10  gm.  CaS04.H20)  containing  from  0.25  to  6.5  gm.  of  soil 
each,  and  after  the  addition  of  the  nutrient  solutions  inoculated  them  with  pure 
cultures  of  the  organisms.  The  soil  did  not  prove  toxic  but  caused  a  darker 
color  in  the  organisms  on  the  plates  containing  the  higher  amounts.  Quan- 
tities of  soil  from  0.5  to  12.5  gm.  were  placed  in  20-cc.  portions  of  liquid  me- 
diimi,  and  then  sterilized.  The  cultures  receiving  the  12.5  gm.  of  soil  required 
20  days  for  nitrite  formation,  while  those  receiving  the  smaller  amounts  of  soil 
required  only  5  days.  Soil  extract  stronger  than  2  per  cent  inhibited  oxida- 
tion. However,  a  solution  containing  2  per  cent  of  soil  extract  was  not  toxic 
when  used  with  plates  of  gypsiun.  The  report  contains  photomicrographs  of 
the  plates,  showing  the  growth  of  the  organisms,  which  in  general  was 
abundant.    This  is  an  important  paper  on  the  subject  of  nitrification. 

Beijerinck  (7)  (1914),  reported  on  the  isolation  and  cultivation  of  NUro- 
bacUr on  silicic  acid  gel  and  agar  plates.  He  found  the  organism  much  the 
same  in  every  respect  as  that  described  by  Winogradsky,  except  in  its  relation 
to  bouillon.  His  culture  of  NitrobacUr  grew  in  bouillon;  but  by  so  doing  it 
lost  its  power  to  oxidize  and  did  not  regain  this  power  of  oxidation  even  after 
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the  liq>se  of  10  years.  The  oxidizing  form  he  termed  Niirobader  oUgotropkic 
and  the  non-oxidizing  form  in  bouillon  he  termed  NUrobacUr  pdytrophic.  The 
crude  cultures  contained  several  contaminating  forms  which  were  very  difficult 
to  separate  from  the  nitrate-forming  organism.  Several  of  these  forms  be- 
longed to  the  family  of  Actinamycetes.  The  chief  forms  found  in  the  nitrify- 
ing cultures  he  termed  Actinobacitti.  A  small  bacillus  was  also  described 
which  formed  a  dark  brown  or  red  pigment  and  was  similar  in  gross  appearance 
to  the  nitrate-forming  organism.  The  red  pigment  was  identified  as  carotin. 
Bacillus  nitroxus  was  also  present  and  proved  the  most  difficult  of  all  to  sepa- 
rate from  NUrobacUr,  The  development  of  unusually  large  colonies  in  pure 
culture  on  agar  indicated  the  transformation  from  the  active  to  the  inactive 
stage;  the  large  colonies  never  again  produced  oxidation  when  transferred  to 
suitable  media.  He  found  that  less  than  1  per  cent  of  sugar,  mannite,  sodium 
or  calciiun  acetate,  peptone,  tyrosin,  or  asparagin  caused  the  loss  of  oxidizing 
power.  Colonies  were  evident  on  washed  agar  within  2  days.  The  fact  is 
strongly  emphasized  that  pure  cultures  do  not  grow  so  rapidly  as  mixed 
cultures. 

Joshi  (28)  (1915)  reported  a  new  nitrite-forming  organism  which  showed 
decided  pleomorphism.  This  organism  was  commonly  found  in  two  forms, 
one  of  which  was  chalky  white  in  appearance,  thread-like,  and  long  and  branch- 
ing like  a  mold,  while  the  other  form  was  shorter  and  had  flagella  at  one  pole. 
It  would  not  grow  in  bouillon  or  on  gelatin,  and  preferred  magnesium  carbo- 
nate as  a  base.  The  thermal  death-point  was  foimd  to  be  between  70  and  80**C. 
His  work  has  not  been  confirmed  by  any  other  investigator. 

Allen  and  Bonazzi  (2)  (1915)  began  the  enrichment  process  preliminary  to 
the  isolation  of  the  organisms.  The  NUrosomonas  cultures  were  carried  to  the 
F4  generation  but  were  abandoned  at  that  point  because  of  their  low  oxidizing 
efficiency.  NUrobacUr  was  carried  to  the  Fis  generation  with  success.  Neither 
organism  was  isolated.  Bonazzi  (9)  in  1919  published  a  report  which  deak 
with  the  conditions  favorable  for  nitrite  formation.  He  found  that  a  slow 
rotary  movement  of  the  culture  greatly  increases  oxidation. 

In  his  first  experiment  he  states  that  the  solution  was  inoculated  with  a 
pure  culture.  In  experiments  immediately  following,  solutions  were  inocu- 
lated with  cultures  nearly  pure,  while  in  later  experiments  the  solutions  were 
inoculated  without  reference  to  purity.  It  is  apparent  throughout  the  work 
that  the  author  has  met  with  difficulty  in  experimentation  with  pure  cultures. 
He  later  reported  (10)  on  the  isolation  of  the  nitrite  ferment  and  gave  a  brief 
description  of  the  organism  in  pure  culture.  There  can  be  no  doubt  that  the 
author  actually  obtained  a  pure  culture  of  NUrosomonas.  This  latter  report 
is  very  brief  and  the  methods  employed  are  inadequately  described.  The 
tendency  of  the  organism  to  lose  its  oxidizing  power  as  a  result  of  cultivation 
in  liquid  medium  is  admitted,  and  the  necessity  for  special  apparatus  to  insure 
aeration  emphasized. 
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Hopkins  and  Whiting  (25)  (1916)  reported  on  the  isolatioD  of  NikoiamonMs. 
This  report  is  indeed  unusual.    The  details  of  isolation  are  not  givm;  but  ex- 
periments with  pure  cultures  are  discussed.    In  liquid  cultures  cdonies  formed, 
on  the  surface  in  a  bluish  mass,  some  developing  to  \  inch  in  diameter.   Silidcr 
add  gel,  inoculated  from  impure  soil  mfusion,  developed  odonies  of  NUro-- 
samonas  \  inch  in  diameter.    They  were  colorless  to  opalescent  at  first  andL 
later  a  glassy  blue,  with  the  center  showing  yellow  after  14  days  and  later* 
orange-yellow  to  brown.    ^'Visible  growth  in  sohition  was  slow  for  the  firvb 
40  days;  but  after  that  time  a  very  profuse  surface  growth  (kveloped  diowing 
large  blue  colom'es  some  of  which  were  drawn  up  the  udes  of  the  flask  by  the 
surface  tension  of  the  liquid,  and  there  developed  to  a  large  size  (\  inch  in 
diameter)."    They  state  that  NUrosonumas  rendered  rock  phoq)hate  soluUe 
in  artificial  medium  and  therefore  acted  shnilarly  in  the  field.    This  oonduaon 
provoked  considerable  criticism.    The  writer  las  made  repeated  attempts  to 
confirm  this  work  of  isolation,  but  has  never  been  successful.    No  other 
investigator  has  recorded  the  develc^ment  of  such  large  colonies  even  after 
extensive  investigation;  in  fact  the  persistently  small  colony  is  a  confirmed 
characteristic  of  both  nitrifying  organisms. 

Russel  and  Bartow  (50)  (1916)  reported  work  with  pure  cultures  of  Nibro- 
samonas  and  NUrohacUr  isolated  from  activated  sludge.  Washed  agar  and 
silicic  add  gel  prepared  after  the  method  of  Stephens  and  Temple  (53)  weie 
used  in  isolation.  Both  t3rpes  of  media  afforded  visible  growth  after  an  incu- 
bation of  9  to  11  days,  but  no  growth  could  be  secured  on  gypsum  Mocks. 
The  organisms  Would  not  appredably  oxidize  the  sludge  after  they  had  been 
isolated,  but  required  the  addition  of  a  portion  of  fresh  sludge  or  mixed  cultures 
of  organisms  isolated  from  the  sludge.  The  authors  consider  this  proof  that 
the  nitrifying  bacteria  require  the  aid  of  other  forms  to  oxidize  the  sludge  in 
a  sewage  disposal  plant.  However,  they  state  that  NUrosomanas  and  Nitro- 
bacter  are  responsible  for  the  nitrification  of  the  sludge.  Very  little  proof  for 
the  purity  of  their  cultures  is  presented. 

MtLntz  (37,  38)  (1890)  reported  on  the  occurrence  of  nitrifjdng  organisms. 
They  were  found  in  great  numbers  at  the  summit  of  iiigh  rocky  cliffs,  where 
nothing  was  present  but  bare  rock,  from  which  he  concludes  that  the  organisms 
are  important  in  the  decomposition  of  rock.  The  period  of  their  develc^ment 
in  this  particular  place  was  very  short  because  of  the  relatively  short  summer. 
He  also  reported  their  presence  in  ice-clad  material  which  had  been  in  that 
condition  for  many  years,  the  organisms  remaining  alive  but  inactive. 

Jensen  (26)  (1899)  studied  the  presence  of  the  nitrifying  organisms  in  the 
soils  of  Denmark.  His  determinations  consisted  of  inoculating  ammonium 
sulfate  nutrient  solutions  with  small  amoimts  of  the  various  soils.  In  peat  and 
highland  soils  alike,  he  reported  the  presence  of  very  small  numbers  of  these 
organisms.  Experiments  with  old  soils  of  various  types  also  indicated  the 
presence  of  nitrifying  organisms  in  very  small  numbers. 
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Thomsen  (58)  (1907)  reported  the  piesenceof  nitrifying  bacteria  in  the  sea. 
He  found  the  organisms  in  the  water  at  all  dq>ths  up  to  100  meters  and  often 
at  even  greater  depths.  However,  they  were  found  only  in  water  adjacent 
the  shore  which  indicated  that  the  organisms  were  recently  carried  out  by 
the  water  currents. 

Karpinski  and  Niklewski  (29)  (1908)  experimented  with  the  nitiif3ring  or- 
ganisms in  cru(k  cultures,  ^Rohkulturen/'  and  confirmed  the  conclusions  of 
other  investigatcMTS  in  r^ard  to  the  t<«ic  action  of  soluUe  organic  matter. 
Ijiklewski  (39)  later  made  extensive  experiments  to  determine  the  presence  of 
these  organisms  in  manure  and  urine.  From  his  experiments  he  concluded 
that  they  were  present  in  fresh  manure  and  urine  but  always  from  outside , 
contamination.  They  were  found  in  numbers  as  high  as  10,000  per  gram  in 
the  outer  layers  of  relatively  fresh  manure,  while  the  deep  manure  contained 
only  a  very  small  number,  probably  because  of  insufficient  aeration.  Manure 
extract  and  urea  exerted  a  toxic  action  on  these  organisms.  The  organisms 
found  were  considered  to  be  the  same  as  those  isolated  by  Winogradsky. 

Millard  (35)  (1911)  reported  on  the  nmnber  of  nitrifying  organisms  found 
in  soil  as  determined  by  the  selective  culture  method.  He  observed  a  maxi- 
mum number  of  100,000  nitrifiers  per  gram  of  dry  soil.  No  nitrifying  bacteria 
were  foimd  in  cow  dung. 

Leone  and  Magnanimi  (31)  (1891)  reported  on  the  i^ntaneous  nitrification 
of  gelatin  in  solution.  After  45  days  at  32^C.  the  nitrogen  was  converted  to 
nitrate.  They  found  more  nitrogen  at  the  end  than  at  the  beginning  of  the 
experiment,  indicating  the  chemical  fixation  of  nitrogen  from  the  air. 

Loew  (33)  (1891)  discussed  the  following  equations  for  the  oxidation  of  am- 
monia to  nitrite  in  the  nitrification  process: 

(1)  2NHt  +  3Q2->2NO,H  +  2HK)(nottrue) 

(2)  2NHt  +  202-^2NO,H  +  4H     (true) 

He  holds  that  equation  (1)  is  not  true  but  that  equation  (2)  represents  true 
conditions.    The  hydrogen  is  used  to  reduce  the  carbon  dioxide  as  follows: 

CQt  +  4H-^CHK)  +  HiO 

The  formaldehyde  (HCHO)  is  not  condensed  to  a  carbohydrate  but  is 
directly  synthesized  to  protein. 

PURPOSE  OF  INVESTIGATION 

This  is  a  report  of  investigations  planned  to  study  primarily  the  relations 
of  the  nitrifying  bacteria  to  their  environment.  It  is  reasonable  to  believe,  if 
these  organisms  can  be  isolated  and  can  be  brought  to  function  in  piure  culture, 
that  some  of  their  relations  may  be  explained.  If  they  cannot  be  made  to 
function  normally  in  pure  culture,  then  the  result  is  equally  important.  Ni- 
trification will  not  take  place  in  a  solution  which  is  add,  yet  some  add  soik 
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sappon  nitrification  even  better  than  soik  whkh  axe  neutial  or  alkaBar  in 
reaction.  Whether  or  not  this  is  true  with  pore  odtiircs  has  never  been  de- 
terminecL  It  is  possiMe  that  other  organisms  present,  wbkh  are  lawoicd  faj 
the  add  conditkm  of  the  soil,  make  posfiiUe  the  growth  of  the  nitiifyflig  o^B^B- 
isms.  If  such  a  symbiotic  relation  exists,  it  can  be  determined  only  fay  At 
use  of  pore  cnltores.  The  fact  that  organic  matter  is  not  tone  in  sofl  wbcn 
mixed  cnltores  are  used  does  not  signify  that  soch  matter  is  not  toxic  to  pmc 
coltnres.  The  breaking  down  of  this  material  throng  the  actioQ  of  other 
organisms  is  generally  accq>ted  as  the  e]qdanation  of  the  fad  that  sofl  oig»ii|c 
matter  is  not  toxic;  yet  this  fact  has  never  been  estaUished  by  cipniinmfal 
evidence.  Work  with  pore  cnltores  mig^t  determine  whether  or  not  this 
Iqrpothesis  is  correct. 

In  addition  to  the  many  questions  which  present  themsdves,  the  pnklem 
ct  secoring  pore  cultures  is  a  large  one  in  itself.  The  methods  of  isnhtinn 
have  been  inqxroved  but  little  soMre  the  appearance  of  Wlnogradsky's  first 
paper  on  this  subject.  The  relationship  which  exists  between  these  organisms 
and  their  related  tofnns  is  still  a  mj^stery.  The  bouillon  test  for  parity  has 
given  conflicting  results  and  we  do  not  know  whether  or  not  this  can  be  used 
as  a  test  for  purity.  This  paper  deals  with  the  work  of  isolation  and  mor- 
I^logy  of  the  organisms,  a  presentation  of  methods  emfdoyed  and  results 
secured.  It  is  hoped  at  a  later  date  to  publish  a  mare  catapittt  report  of  the 
pbyuoiogy  of  these  organisms  in  pure  culture. 

EXPEXDfENTAL  DATA 

Methods 

The  methods  and  media  used  are  primarily  those  offered  by  )\lnogradsky 
and  Omelianski  in  their  first  work  on  isolation,  combined  with  certain  modi- 
fications. A  few  new  methods  will  be  outlined,  some  possibly  not  practical 
for  other  lines  of  work  but  primarily  adapted  to  the  isolation  of  the  nitrifying 
organisms. 

Liquid  media.  All  solutions  were  prepared  from  conductivity  water  and 
Merck's  highest-piuity  chemicals.  The  following  solutions  were  used  through- 
out the  work: 

For  the  ailtivation  of  the  nltrite-forming  organism: 

(a)  Ammonium  sulfate  ( (XH4)iS0«) 1.0 

Di-potassium  pho^hate  (KjHPO*) 1 .0 

Sodium  chloride  (NaQ) 2.0 

Magnesium  sulfate  (MgSO*) 0.5 

Ferric  sulfate  (FcuCSOOi) Trace 

Water  (conductivity) 1000.0 

Magnesium  carbonate  (MgCd) Excess 
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(b)  Magneahim  ammonium  phosphate  (MgNH4F04.6HiO) 2.0 

Di-potassium  phosphate  (KaHPOi) 1.0 

Sodium  chloride  (NaCl) 2.0 

Magnesium  sulfate  (MgSOO 0.5 

Ferric  sulfate  (FdCSOOi) Trace 

Water  (conductivity) 1000.0 

Magnesum  carbonate  (MgCd) Excess 

(c)  Sodium  ammonium  phosphate  (NaNH4HP04.4HiO) 3.4 

Potasshmi  chloride  (KG) 2.0 

Magnesium  sulfate  (MgSOO 0.5 

Ferric  sulfate  (FdCSOOi) Trace 

Water  (conductivity) 1000.0 

Magnesium  carbonate  (MgCQi) Excess 

For  the  cultivation  of  the  nitrate-forming  organism: 

(d)  Sodium  nitrite  (NaNOi) 1.0 

Sodium  carbonate  (NajCOi) 1.0 

Di-potassium  phosphate  (KtHPOi) 0.5 

Sodium  chloride  (NaCl) 0.5 

Magnesium  sulfate  (MgSOJ 0.3 

Ferric  sulfate  (Fe»(S04)i) Trace 

Water  (conductivity) 1000.0 

Solution  (a)  was  used  for  the  cultivation  of  Nitrosamonas  throughout  most 
of  the  work  and  (b)  and  (c)  used  in  comparison.  Unless  otherwise  specified 
it  will  be  understood  that  solution  (a)  was  used. 

All  glassware  was  cleaned  by  treating  it  with  strong  alkali,  strong  sulfuric 
add  cleaning  mixture,  then  washing  in  water,  and  finally  rinsing  in  the  conduc- 
tivity water.  The  solutions  were  prepared  in  liter  Erlenmeyer  flasks,  then 
pipetted  into  150-cc.  flasks  and  sterilized  at  15  pounds  pressure  for  15  minutes. 
In  solutions  (a),  (b)  and  (c),  all  the  ingredients  were  added  before  sterilization 
except  the  magnesiiun  carbonate,  which  was  sterilized  in  a  separate  vessel 
and  added  to  the  solutions  after  they  had  cooled.  During  the  first  part  of  the 
work  25-cc.  portions  of  the  solutions  were  placed  in  the  flasks;  later  on  15-cc. 
portions  were  used,  because  this  afforded  better  aeration  and  therefore  more 
rapid  nitrification.  In  some  cases  the  magnesiiun  carbonate  was  added  along 
with  the  other  salts  before  sterilization  and  the  ammonium  sulfate  sterilized 
in  separate  solution  and  added  to  the  flasks  by  means  of  a  sterile  pipette. 

Gypsum  blocks.  Gypsiun  blocks  were  prepared  by  mixing  2  gm.  magnesiiun 
carbonate  with  100  gm.  of  calcium  sulphate,  (CaS04.H20),  and  suflBicient  water 
to  make  a  putty-like  mass.  This  mixture  was  spread  over  a  smooth  glass 
surface  to  the  desired  thickness,  marked  out  in  squares,  and  allowed  to  dry. 
When  dry  the  blocks  were  placed  in  petri  dishes,  sterilized,  and  the  desired 
Uquid  medium  added. 

Washed  agar.  The  agar  was  prepared  by  washing  Difco  agar  in  distilled 
water  for  several  days  and  drying  at  60**C.  From  the  washed  agar  a  2.5  per 
cent  solution  was  made,  tubed  in  10  cc.  portions  and  sterilized  in  the  autoclave 
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at  15  pounds  pressure.    The  following  solutions  were  prepared  and  sterilized 
in  small  portions,  about  100  cc.  per  flask. 

tm.  per  tOO  «. 

(1)  Di-potasdum  phoq>hate  (E:tHFO«) 1.5 

(2)  Sodium  nitrite  (NaNQO 1.5 

Sodium  carbonate  (NaiCQi) 1.5 

(3)  Magnesium  sulfate  (MgSO«) 0.45 

Sodium  chloride  (NaQ) 0.75 

Ferric  sulfate  (FciCSOOi) 0.02 

(4)  Ammonium  sulfate  ({NHOtSOi) 1.5 

Magnesium  sulfate  (MgSOO 0.75 

Ferric  sulfate  (FdCSOOi) 0.02 

(5)  Sodium  chloride  (NaO) 3.0 

Sodium  carbonate  (NaiCOO 1.5 

The  agar  was  melted  and  cooled  at  40^C.  NUrobacter  plates  were  made 
by  placing  1  cc.  each  of  solutions  (1),  (2)  and  (3),  in  sterile  petii-dishes, 
adding  the  desired  inoculum,  and  then  the  melted  agar.  For  the  cultivation 
of  NUrosomonas  1  cc.  each  of  solutions  (1),  (4)  and  (5)  plus  the  agar  were 
used.  These  stock  solutions  are  about  15  times  the  strength  of  the  usual 
medium;  so  that  when  1  cc.  of  each  of  three  are  mixed  with  the  10  cc.  of  agar, 
all  the  nutrient  salts  are  present  in  the  proper  proportions.  The  concentration 
is  determined  by  the  amount  of  agar  added  which  may  be  controlled  at  will. 
The  solutions  prepared  in  this  manner  are  convenient  for  use  in  agar  or  silicic 
acid  gel.  The  nutrient  salts  may  be  added  to  the  agar  before  autoclaving, 
but  in  this  case  the  ammonium  sulfate  must  be  sterilized  separately,  otherwise 
a  part  of  the  anmionia  will  be  lost  in  sterilization.  The  sodium  carbonate 
should  be  handled  in  similar  manner  to  prevent  hydrolysis  of  the  agar.  Since 
these  two  ingredients  must  be  handled  separately  it  is  well  to  prepare  the 
solutions  as  stated  above.  In  order  to  prevent  the  precipitation  of  the  salts, 
it  is  necessary  to  handle  the  solutions  as  outlined.  When  preparing  the  plates 
it  is  desirable  to  prevent  the  1-cc.  portions  of  the  different  solutions  from 
mixing  before  the  agar  is  added  to  the  plate;  if  this  is  attained  the  plate  will 
contain  no  precipitated  material  and  the  slightest  growth  can  be  detected. 
If  it  is  desirable  to  use  magnesiiun  carbonate  as  the  base  for  the  cultivation 
of  NUrosomanas,  the  sodium  carbonate  may  be  omitted  from  solution  (5)  and 
magnesium  carbonate  added  to  the  plate  at  the  time  of  pouring.  Both  mag- 
nesium and  sodium  carbonates  were  used  in  this  work,  but  the  latter  gave 
better  results  because  the  plate  remained  clear  and  the  colonies  could  be 
detected  more  readily. 

No  egg  albumen  was  added  to  the  agar  to  aid  in  clarification. 

The  agar  was  heated  in  the  steamer  for  several  hours,  and  filtered  through 
macerated  filter  paper  imder  pressure  until  it  was  clear. 
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SUick  acid  gd.  A  convenient  method  for  the  preparation  of  silicic  acid  gel 
for  use  as  a  culture  medium  has  never  been  devised.  During  the  first  part  of 
the  work  the  method  of  Stq)hens  and  Temple  (54)  was  employed.  The 
preparation  of  the  medium  by  this  method  was  very  pleasing  because  of  its 
ease,  but  the  results  secured  from  its  use  were  very  unsatisfactory.  In  no 
case  did  the  nitrifying  organism  produce  growth  on  this  medium. 

Doryland's  (16)  method  was  also  tested  but  poor  results  were  obtained. 
This  was  perhi^s  due  to  the  hij^  concentration  of  salts  which  resulted  in  an 
osmotic  pressure  that  could  not  be  withstood  by  the  organisms.  The  Dory- 
land  method  is  very  promising  and  should  bring  good  results  when  worked 
out  more  in  detail. 

The  method  of  Winogradsky  also  was  employed,  with  collodion  sacks  as  a 
dialyzing  membrane,  but  gave  results  too  irregular  to  be  practical.  Silicic 
acid  secured  by  the  Winogradsky  method  is  difficult  to  handle  because  of  its 
concentration;  it  often  forms  the  gel  in  the  dialyzing  process,  or  gels  when 
sterilized.  It  is  interesting  to  note  that  the  method  of  Stahel  (53)  is  the  same 
as  that  of  Winogradsky  except  that  the  former  used  a  sodium  silicate  solution 
with  a  sp)ecific  gravity  of  1.10,  a  10  per  cent  solution,  while  the  latter  used  a 
solution  of  1.05  specific  gravity,  a  5  per  cent  solution.  They  each  used  a 
parchment  membrane  but  the  permeability  must  have  been  different  because 
the  resultant  acid  secured  in  each  case  was  the  same,  or  practically  the  same. 
The  results  bring  out  the  fact  that  the  membrane  is  the  most  important 
single  factor,  which  is  emphasized  by  Winogradsky. 

The  method  of  Beijerinck  (7)  was  used  with  fairly  satisfactory  results. 
It  is  as  follows:  Merck's  40  per  cent  sodiimi  silicate  solution  is  diluted  to  8 
per  cent,  and  a  solution  of  hydrochloric  acid  prepared  of  such  a  strength  that 

1  cc.  is  just  neutralized  by  1  cc.  of  the  8  per  cent  sodium  silicate  solution, 
with  methyl  orange  as  indicator.  A  5-cc.  portion  of  the  hydrochloric  add 
is  then  drawn  from  a  burette  into  a  sterile  petri  dish,  and  the  amount  of 
sodium  silicate  required  to  neutralize  the  acid  added  from  a  second  burette. 
If  the  two  solutions  have  been  allowed  to  stand  in  the  burettes  for  some  time, 
they  will  be  practically  sterile.    This  method  gives  a  beautiful  gel  in  about 

2  or  3  minutes.  The  silicic  acid  gel  is  then  dialyzed  by  pouring  sterile  water 
over  the  surface  until  all  the  chloride  has  been  removed.  The  entire  pro- 
cedure requires  but  a  few  hours  for  a  large  number  of  plates.  The  sterile 
concentrated  nutrient  solution  is  now  poured  on  the  surface  of  the  plate  and 
allowed  to  diffuse  through  the  gel  for  some  time;  the  excess  is  poured  off  and 
the  surface  of  the  gel  flamed  to  insure  that  it  is  sterile.  The  plates  are 
inoculated  by  placing  a  drop  of  the  inoculmn  on  the  surface  of  the  medium 
and  spreading  it  around  with  the  blunt  end  of  a  glass  rod.  The  greatest 
objection  to  this  method  is  the  fact  that  the  plates  must  be  inoculated  by 
streaking  the  surface,  which  is  very  difficult  to  do  without  disturbing  the 
smooth  surface  of  the  gel,  and  the  character  of  growth  secured  is  not  satis- 
factory for  the  study  of  single  colonies. 
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It  was  desirable  to  have  a  gel  which  could  be  inoculated  before  solidifying, 
therefore  dilute  solutions  were  resorted  to.  The  method  used  was  primarily  that 
of  Schramm  (52).  Ninety  cubic  centimeters  of  Merck's  40  per  cent  sodium  sili- 
cate solution  are  diluted  to  1  liter  with  distilled  water,  and  125  cc.  of  concen- 
trated HCl  are  diluted  to  1  liter,  and  the  two  solutions  poured  together.  It  b 
necessary  to  pour  the  sodium  silicate  solution  slowly  into  the  hydrochloric 
add  solution,  with  vigorous  stirring,  or  the  silicic  add  will  predpitate  imme- 
diately. The  mixture,  which  should  have  no  turbidity  or  doudiness,  is  then 
placed  in  a  dialyzer  fitted  with  a  parchment  paper  in  contact  with  running 
water.  After  several  days,  8  to  10,  the  mixture  should  be  entirely  free  from 
chlorides,  as  determined  by  the  silver  nitrate  test.  It  is  then  dialyzed  further 
with  several  changes  of  distilled  water,  and  a  10-cc.  portion  removed,  evapo- 
rated to  dr/ness,  and  ignited,  and  weighed  to  determine  the  p)ercentage  of 
silicon  dioxide  (StOt).  If  it  is  desirable  to  determine  the  purity  of  the  add, 
it  may  be  done  by  moistening  the  residue  with  sulfuric  add,  volatilizing 
the  silica  with  hydrofluoric  acid  (HF),  and  reweighing.  The  dialyzed  mixture 
usually  gives  an  add  containing  1  to  1.5  per  cent  of  silicon  dioxide  (SiOt), 
Variations  depending  on  the  quality  of  the  membrane  used  will  occur.  Since 
this  solution  of  colloidal  silidc  add  is  too  dilute  to  produce  the  gel  it  must  be 
concentrated,  but  if  concentrated  it  will  solidify  on  sterilization.  This  difficulty 
is  met  by  sterilizing  before  concentrating.  The  acid  solution  is  placed  in  a 
suction  filter  flask  which  is  fitted  with  a  thermometer  and  a  capillary  tube, 
which  in  turn  is  connected  with  a  carbon  filter  plugged  with  cotton  and  is 
controlled  with  a  pinchcock.  The  flask  so  arranged  and  containing  the 
solution  is  then  sterilized  by  the  intermittent  method.  It  is  then  attached 
to  a  suction  pump  and  the  pressure  reduced  to  such  an  extent  that  the  solu- 
tion boils  at  40  to  50°C.  The  capillary  tube  is  opened  slightly  to  permit  a 
very  slow  stream  of  air  to  pass  through  the  solution,  but  not  suffidently 
rapid  to  raise  the  pressure  within  the  flask.  The  nutrient  salts  to  be  used  with 
the  silicic  acid  will  determine  how  concentrated  it  must  be  to  get  the  proj)er 
gel  in  the  desired  length  of  time.  In  this  case  the  solutions  given  on  page  26 
were  used,  as  previously  described  in  connection  with  agar,  and  required  an 
acid  of  1.5  to  2.5  per  cent  of  silicon  dioxide  (Si02).  The  addition  of  the 
salts  causes  the  formation  of  the  gel.  Tests  may  be  made  as  the  silicic  add 
is  concentrating  by  removing  10-cc.  portions  from  the  flask  and  adding  the 
desired  salts.  When  sufficiently  concentrated  to  produce  a  gel  of  the  desired 
consistency  in  a  few  minutes'  time,  the  process  is  discontinued.  In  some 
cases  it  will  be  possible  to  sterilize  this  silicic  acid  solution  after  concentrating, 
either  in  the  autoclave  or  by  the  intermittent  method,  without  producing 
the  gel.  If  this  can  be  done  the  entire  lot  should  be  sterilized  in  suitable 
containers.  If  too  concentrated  to  withstand  sterilizing  further,  it  must  be 
used  direct  from  the  concentrating  chamber.  A  clear  solution  is  absolutely 
essential.  If  it  takes  on  an  opalescence  or  doudiness  it  is  always  imsatis- 
factory  because  it  will  either  not  stand  sterilization  or  will  not  form  the  gel 
when  the  desired  salts  are  added. 
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It  is  a  well  known  fact  that  the  addition  of  electrolytes  to  a  solution  in  the 
colloidal  state  tends  to  precipitate  or  bring  about  the  gel  condition.  Since 
the  nutrient  solutions  used  in  this  work  were  all  made  up  of  electrolytes,  no 
dijSSculty  was  experienced  in  obtaining  the  gel.  If  the  medium  is  to  contain 
organic  nitrogenous  matter,  a  higher  concentration  of  the  silicic  acid  must  be 
used  because  of  the  protective  action  of  the  protein  material.  Stronger  con- 
centrations must  also  be  used  with  a  mediiun  containing  sugar  because  of 
the  fact  that  carbohydrates  in  general  produce  an  effect  opposite  in  action  to 
that  of  the  electrolytes.  "Reciprocal  coagulation"  also  offers  a  means  of 
obtaining  a  gel  using  more  dilute  silicic  acid,  but  at  present  no  work  has  been 
done  in  this  direction. 

It  is  important  to  note  one  interesting  point  in  the  preparation  of  silicic 
add.  Apparently  imder  the  same  conditions  the  same  silicic  acid  is  not 
produced.  On  several  occasions  two  portions  of  acid  have  been  secured 
which  contained  the  same  percentage  of  silicon  dioxide  (Si02);  one  of  these 
adds  gave  a  gel  when  concentrated  to  2  per  cent  of  silicon  dioxide  (SiOj) 
and  would  not  stand  sterilizing  at  that  concentration,  while  the  other  was 
concentrated  to  2.6  per  cent  and  withstood  heating  in  the  autoclave  several 
times  at  that  concentration,  and  remained  in  the  sol  condition  for  several 
weeks.  It  gave  a  very  beautiful  gel  of  the  desired  consistency  when  mixed 
with  the  nutrient  solutions.  The  results  obtained  bear  out  the  fact  that  acids 
in  various  states  of  hydration  may  be  secured,  which  act  differently  towards 
conditions  commonly  employed  in  media  making.  This  would  indicate  a 
wider  application  of  the  method  of  preparation  outlined  by  Doryland  than 
has  at  present  been  worked  out. 

Each  person  using  this  medium  must  work  out  the  details  of  the  method  of 
preparation  on  the  general  prindples  which  have  been  laid  down.  The 
method  will  depend  upon  three  factors — the  silicic  acid  present,  the  concen- 
tration and  the  nutrient  medium  used.  During  the  course  of  this  work  silidc 
acid  gel  plates  containing  the  following  constituents  have  been  prepared 
along  with  the  other  ingredients.  * 

Heyden  N&hrstoff 
Mannite 

Asparagin  and  dextrose 
Dextrose  and  nitrate 

Soil  counts  were  made  on  these  media  with  good  results.  Azotohacier 
developed  readily  on  the  mannite  gel  and  produced  the  usual  pigment.  Large 
tubes  of  soft  silicic  acid  gel  also  were  prepared  for  the  cultivation  of  plants 
and  studying  nodule  formation,  but  the  gel  was  not  satisfactory  for  root 
development.  Apparently  the  plant  roots  cannot  penetrate  this  silicic  acid 
gel  mediiun. 
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RESULTS  OF  IMVESTICATION 

In  the  following  discussion  the  results  of  the  work  with  Niirohader  are 
{Mresented  first.  The  experience  gained  in  the  isolation  of  NUrabacter  aided 
materially  in  the  isolation  of  the  nitrite-forming  organism. 

The  liquid  cultures  secured  by  inoculation  with  soil  and  carried  in  the 
enrichment  process  are  referred  to  as  "crude  cultures/'  corresponding  to  the 
term  ''Rohkulturen"  used  by  Winogradsky  and  other  investigators. 

Crude  cuUures  of  nUrobacter 

EnrickmerU  process.  Flasks  containing  25  cc.  of  the  nutrient  solution 
(d,  p.  437)  were  each  inoculated  respectively  with  0.5  gm.  of  garden,  neutral 
and  acid  soil  from  widely  separated  sources.  These  flasks  were  incubated 
at  28^C.,  and  after  four  or  five  da3rs  were  tested  with  Trommsdorfs  reagent 
until  the  absence  of  nitrites  was  noted.  These  cultures  were  then  tested  with 
di-phenylamine  and  sulfuric  acid  for  the  presence  of  nitrates.  Wherever 
the  nitrite  was  converted  to  nitrate,  two  or  three  loops  were  transferred 
to  fresh  flasks  of  the  same  medium.  The  mother  culture  was  then  covered 
with  lead-zinc  foil  to  prevent  evaporation  and  held  at  room  temperature, 
while  the  subcultures  were  incubated  at  28^C.  This  procedure  was  continued 
throughout  the  work.    The  results  are  shown  in  table  1. 

From  the  data  in  this  table  it  is  apparent  that  the  time  required  for  the 
complete  oxidation  of  the  nitrite  varies  with  the  different  generations.  Since 
the  solutions  were  prepared  in  the  same  manner  each  time,  and  many  of  the 
generations  are  from  one  batch  of  medium,  and  the  conditions  of  incubation 
are  the  same,  it  is  safe  to  conclude  that  the  variation  in  time  for  oxidation 
is  due  largely  to  the  variation  in  the  number  of  organisms  carried  by  the  loop 
inoculation.  This  difference  in  number  will  be  further  brought  out  in  a  later 
table.  The  cultures  do  not  show  any  inclination  to  lose  their  virulence  as 
a  result  of  the  enrichment  process;  they  are  still  on  hand  and  show  their 
usual  activity.  The  source  of  the  culture  has  little  influence  on  the  time  of 
oxidation,  at  least  the  three  soils  chosen  for  this  test  required  practically  the 
same  time  for  oxidation. 

The  data  in  the  table  indicate  that  there  are  several  cultures  which  required 
an  exceptionally  long  period  of  time  for  oxidation.  The  long  period  of  time 
required  for  oxidation  of  the  neutral  soil  cultures  Fw  and  Fn  cannot  be 
explained.  Apparently  the  trouble  in  the  F21  culture  was  not  in  that  particular 
culture  but  in  the  F20  culture,  because  several  F21  cultures  were  made  before 
one  was  secured  which  would  produce  oxidation  and  this  only  after  the  Is^se 
of  52  days. 

Number  of  bacteria  in  enrichment  cultures.  Dilution  counts  were  made  to 
determine  the  number  of  organisms  in  soil  capable  of  oxidizing  nitrite  in 
solution,  and  likewise  the  number  present  in  the  enrichment  cultures.    The 
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TABLE  1 
Time  rehired  far  oxidation  of  the  sodium  nitrite  by  the  successive  generations  of  nitrobacier 


njmaxM.  or  cinbxation 


F 
Fi 
F, 
F, 

T* 

F, 

F, 

Ft 

F, 

F, 

Fio 

Fu 

Fi, 

Fu 

Fl4 

Fu 
Fu 
Fit 
Fi, 
F» 
F,o 
Fn 
Fn 
F« 

Fu 
Fu 
F« 

F,T 

Fm 
Fm 
F,o 
F„ 
Fa 
F» 
F„ 
Fu 


TIME  rOK  OXIDATION 

Ncatral  soil 

Garden  toil 

AddioU 

days 

days 

days 

22 

23 

15 

18 

20 

Date  not  recorded 

9 

6 

9 

10 

9 

10 

8 

12 

7 

9 

11 

12 

10 

9 

12 

11 

8 

10 

11 

8 

7 

14 

9 

7 

16 

10 

10 

13 

10 

8 

35 

10 

14 

12 

10 

19 

10 

11 

30 

17 

15 

15 

14 

12 

15 

16 

30 

14 

23 

12 

17 

19 

20 

34 

21 

10 

15 

52 

15 

13 

14 

9 

21 

12 

12 

22 

11 

8 

21 

10 

27 

8 

8 

16 

5 

13 

9 

27 

9 

11 

7 

11 

7 

7 

10 

6 

8 

10 

8 

7 

10 

6 

7 

9 

6 

7 

7 

7 

10 

7 

7 

7 

results  secured  from  the  soil  dilutions  were  unusually  low.  Flasks  of  the 
usual  nutrient  solution  failed  to  produce  oxidation  when  inoculated  with 
1  cc.  of  a  1 :  100  dilution  from  either  the  acid  or  neutral  soil.  The  1 :  10  dilution 
in  each  case  produced  oxidation  after  an  incubation  of  21  days.  The  results 
with  the  dilutions  from  enrichment  cultures  are  shown  in  table  2. 

The  dilutions  were  made  in  sterile  distilled  water  and  1  cc.  of  each  dilution 
was  used  as  an  inoculum.    From  these  dilution  tests  three  facts  are  estab- 
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lished;  first,  soil  contains  relatively  few  active  organisms  capable  of  bringing 
about  the  oxidation  of  sodium  nitrite  in  solution;  second,  the  enrichment 
process  increases  the  number  of  nitrite-oxidizing  organisms  to  more  than 
1,000,000  per  cubic  centimeter;  third,  the  time  for  oxidation  depends  upon 
.the  number  of  organisms  introduced  in  the  inoculum.  The  rapidity  of  oxida- 
tion in  the  dilutions  from  Fio  would  indicate  that  1,000,000  bacteria  per  cubic 

TABLE  2 
Number  of  nUrobader  orgamsms  in  the  enrichment  cultures 


SOUKCK 


F4  Add  sofl < 


Fi  Neutral  soil. 


Fio  Neutral  soil - 


mLUTiow  1 ;  X 

DATS  loa  onzkAxmr 

u. 

1  cc  undiluted 

2 

10 

3 

100 

6 

1,000 

10 

10,000 

12 

100,000 

14 

1,000,000 

Nooxidatioa 

10,000,000 

No  oxidation 

100 

8 

1,000 

8 

10,000 

14 

100,000 

13 

200,000 

13 

400,000 

13 

600,000 

15 

800,000 

15 

1,000,000 

18 

100 

8 

1,000 

13 

10,000 

15 

100,000 

18 

200,000 

19 

400,000 

19 

600,000 

20 

800,000 

20 

1,000,000 

20 

centimeter  was  a  very  low  figure  in  comparison  to  the  number  actually 
present.    However,  higher  dilutions  than  this  were  not  made. 

Heyden  agar  plates  were  inoculated  from  these  same  dilutions  in  order  to 
determine  the  number  of  foreign  organisms  in  the  enrichment  cultures.  Col- 
onies developed  on  the  plates  from  the  highest  dilutions.  The  colonies  from 
the  higher  dilutions  were  apparently  of  only  two  or  three  types,  one  a  small, 
round  or  oval  colony,  yellow  in  color,  the  other  a  milky  colony,  or  light  gray, 
having  a  dull  appearance,  and  many  times  as  large  as  the  small  yellow  colony. 
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The  small  type  of  colony  was  much  more  numerous  on  all  the  plates.  On 
the  plates  from  the  higher  dilutions  of  the  Fio  enrichment  only  a  few  colonies 
developed,  and  these  were  apparently  of  the  two  types  named.  The  plates 
from  the  lower  dilutions  produced  abundant  growth  and  showed  the  presence 
of  putrefactive  organisms. 

As  a  result  of  these  dilution  experiments  it  is  safe  to  conclude  that  not  only 
does  the  enrichment  process  increase  the  number  of  nitrifying  organisms  but 
that  it  eliminates  a  large  number  of  the  other  types.  However,  the  enrich- 
ment process  coupled  with  dilution  will  not  give  a  pure  culture  of  this  organism. 

The  effect  of  silicic  acid  sol  on  enHckmerU  cultures 

A  series  of  flasks  of  the  usual  sodium  nitrite  liquid  medium  were  inoculated 
fnmi  an  active  enrichment  culture.  Pure  colloidal  silidc  add,  1.5  per  cent 
of  silicon  diozide/was  then  added  in  amounts  of  2,  4,  6,  8,  and  10  cc.  per  flask 
containing  15  cc.  of  liquid  medium  giving  0.176  per  cent,  0.310  per  cent, 
0.428  per  cent,  0.522  per  cent  and  0.60  per  cent  of  silicon  dioxide,  respectively. 
These  were  then  incubated  at  28°C.  Oxidation  took  place  promptly  in  each, 
showing  the  silidc  add  did  not  affect  the  activity  of  the  organisms.  This 
test  was  made  because  of  the  fact  that  a  great  many  of  the  silidc  add  plates 
inoculated  gave  slow  growth  and  irregular  results. 

EffeU  of  soil  extract  on  enrichment  cultures.  Soil  extracts  from  each  of  the 
three  soils,  neutral  silt  loam,  add  silt  loam,  and  garden  soil  high  in  organic 
matter,  were  prepared  by  heating  1  kgm.  of  soil  with  1  liter  of  water  in  the 
steamer,  then  filtering  and  diluting  the  filtrate  to  1  liter.  These  extracts 
were  used  for  the  preparation  of  the  sodium  nitrite  nutrient  solution  for  the 
cultivation  of  Nitrobacter  and  the  flasks  inoculated  with  an  active  enrichment 
culture.  Oxidation  resiilted  in  each  of  the  flasks  with  the  usual  promptness, 
showing  the  extracts  not  to  be  toxic.  This  is  in  accord  with  the  resiilts  of 
Allen  and  Bonazsd  (2)  who  also  found  that  soil  extract  was  not  injurious  to 
the  enrichment  cultures  of  Nitrobacter. 

Isolation  of  Nitrobacter 

Agar  plates.  Plates  of  washed  agar  were  prepared  as  previously  described, 
inoculated  from  one  of  the  enrichment  cultures,  then  placed  in  a  moistchamber 
and  incubated  at  28°C.  A  period  of  10  days  to  2  weeks  was  necessary  for 
the  development  of  Nitrobacter  on  the  plates.  At  the  end  of  this  time  tests 
with  Trommsdori's  reagent  and  diphenylamine,  showed  that  the  nitrite  had 
been  oxidized  to  nitrate.  The  growth  was  scarcely  visible  to  the  naked  eye 
but  when  examined  under  the  microscope  numerous  small  light  brown  colonies 
coiild  be  seen.  Some  were  round,  others  oval,  and  others  three-cornered, 
depending  upon  their  position  in  the  agar.  All  the  colonies  were  very  small 
and  almost  any  colony  on  the  plate  would  answer  the  description  of  the 
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NUrohackf  colony  given  by  one  or  more  investigators.  The  deep  colonies  iveie 
regular  in  outline  but  the  surface  colonies  were  more  or  less  irregular.  A  fresh 
portion  of  sodium  nitrite  was  added  to  the  plates  by  removing  small  portions 
of  the  agar  and  adding  the  sterile  solution  to  the  wells  formed  in  the  agar. 
The  addition  of  nitrite  caused  the  colonies  to  increase  in  size  but  no  one  type 
of  colony  developed  faster  than  the  other.  At  first  it  was  assumed  that  all 
the  colonies  were  NUrobader.  This  assumption,  however,  was  not  true  as 
shown  by  transfers  into  liquid  media. 

Method  of  securing  a  Hngh  coUmy.  The  colonies  were  too  small  to  make 
it  practical  to  attempt  the  isolation  of  a  single  colony  by  means  of  the  platinum 
needle.  This  difficulty  was  met  by  using  a  modification  of  the  Barber  (57) 
method  of  isolation.  A  small  moist.chamber,  open  at  one  end  and  the  top, 
was  made  by  sealing  glass  slides  together  with  balsam.  A  axillary  tube  was 
then  prepared  as  described,  by  Barber,  except  that  in  this  case  it  was  not 
necessary  to  secure  such  a  fine  point.  A  long  sterile  cover  glass  was  then 
slipped  under  the  agar  on  the  plate  and  a  strip  removed.  This  was  allowed 
to  remain  on  the  glass  and  was  trimmed  to  proper  size,  then  the  cover  glass 
inverted  over  the  moist  chamber  in  such  a  manner  that  the  agar  was  sus- 
pended on  the  slide,  as  in  the  hanging  drop.  The  capillary  tube  was  fitted 
into  the  mechanical  holder  and  the  point  brought  into  focus  under  the  lens, 
the  16-mm.  objective  being  used.  The  capillary  pipette  was  lowered  and  the 
moist-chamber  brought  into  place  under  the  objective.  The  chamber  was 
moved  about  until  a  desirable  colony  was  located  and  brought  into  the  center 
of  the  field,  then  the  pipette  brought  upward  by  the  mechanical  holder  until 
the  point  came  in  contact  with  the  colony.  The  colony  readily  moved  into 
the  pipette  by  capillarity — often  the  opening  in  the  pipette  was  as  large  as 
the  colony  itself.  The  colony  thus  secured  was  transferred  to  the  usual 
nutrient  solution  and  growth  measured  by  oxidation. 

This  process  seems  simple  and  yet  many  attempts  failed  before  the  organism 
was  secured  in  pure  culture.  Usually  the  organism  secured  from  the  agar 
in  this  manner  failed  to  oxidize  the  nitrite  in  the  solution,  or  if  oxidation  took 
place  subsequent  inoculation  into  bouillon  resulted  in  growth.  Many  col- 
onies in  isolated  positions  on  the  medium  were  secured  in  this  manner  and 
when  inoculated  into  the  usual  nutrient  solution  produced  oxidation,  yet  the 
bouillon  test  after  oxidation  showed  contamination.  Either  the  contaminating 
organism  was  very  closely  associated  with  the  nitrate-forming  organism  and 
the  colony  characteristics  were  so  nearly  alike  they  could  not  be  differentiated, 
or  the  nitrate-forming  organism  produced  growth  in  bouillon  as  claimed  by 
Beijerinck  (7).  A  large  percentage  of  the  colonies  transferred  to  the  nutrient 
solution  resulted  in  no  oxidation  of  the  nitrite,  yet  a  very  small  piece  of  the 
agar  5  nun.  square  readily  produced  oxidation  when  placed  in  the  same  solu- 
tion. This  would  indicate  that  a  large  inoculum  was  necessary  as  is  the  case 
with  certain  other  organisms.  Two  colonies  which  appeared  identical  were 
chosen,  one  transferred  to  a  nutrient  solution,  the  other  to  bouillon.    Neither 
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gave  evidence  of  activity,  the  nitrite  remaining  unchanged  in  the  solution,  the 
bouillon  remaining  clear.  This  would  indicate  a  third  organism,  which  would 
neither  grow  in  bouillon  or  oxidize  the  nitrite  in  the  nutrient  solution,  as 
claimed  by  Stutzer  and  Hartleb.  However,  this  is  not  considered  to  be  true 
in  this  case,  but  is  explained  by  the  fact  that  growth  in  bouillon  results  only 
from  use  of  a  large  inoculum.  The  small  percentage  giving  oxidation  of  the 
nitrite  may  be  explained  in  a  similar  manner.  This  will  be  further  discussed 
with  the  results  of  the  NUrosomonas  study. 

To  narrate  all  the  difficulties  which  arise  in  the  isolation  of  NUrobacter 
would  be  a  difficult  task  and  without  interest  to  the  reader.  The  following 
translation  from  the  report  of  Stutzer  and  Hartleb  (57)  quite  accurately 
expresses  the  sentiment  of  the  author  in  regard  to  the  difficulties  of  isolation, 
more  so  in  connection  with  the  isolation  of  NUrosomonas  than  with  NUro- 
bacter.    However,  this  quotation  deals  with  the  isolation  of  NUrobacter, 

Simple  as  the  described  method  for  the  isolation  of  the  nitrate  former  may  appear,  which 
▼tries  little  in  its  technique  from  the  customary  bacteriological  methods  of  securing  a  pure 
culture,  and  differs  from  these  mainly  only  in  the  application  of  other  nutrient  media,  yet 
the  practical  application  of  it  is  very  round-about  and  requires  much  time,  because  very 
often  difficulties  arise  which  make  the  undertaken  work  absolutely  useless,  or  if  one  believes 
that  he  is  at  his  goal  a  new  difficulty  suddenly  appears.  For  instance,  such  a  difficulty  was 
found  in  the  separation  of  the  two  organisms  which  would  not  grow  in  bouillon,  Hyphomi" 
erobium  and  Nitrimicrchium.  As  long  as  we  did  not  know  that  several  bouillon  sterile 
organisms  occurred  in  the  soil  we  were  inclined  to  consider  the  two  kinds  mentioned  at 
identical,  inasmuch  as  also  their  colony  formation  and  their  action  on  nitrite  agar  show  a 

tnrprising  similarity And  we  may  comfort  ourselves  with  the 

thought  that  up  to  this  time  no  other  investigator  has  been  successful  by  arriving  com- 
pletely at  his  goal  in  this  special  field. 

SUicic  acid  gel  plates.  The  results  secured  from  the  use  of  silicic  add  gel 
were  more  satisfactory  in  the  earlier  part  of  the  work  of  isolation  than  those 
secured  from  the  use  of  washed  agar.  However,  the  same  disappointment 
may  be  felt  when  the  isolation  is  begun.  The  silicic  acid  gel  is  not  well 
adapted  to  the  cultivation  of  organisms  other  than  those  requiring  an  inorganic 
medium,  which  makes  it  a  very  valuable  solid  medium  for  the  cultivation  of 
the  nitrifying  organisms.  After  an  incubation  of  10  days  to  2  weeks  the  nitrite 
in  the  medium  was  all  oxidized.  When  examined  under  the  microscope 
numerous  very  small  light  brown  colonies  were  seen,  some  of  which  were  not 
NUrobacter^  but  after  the  selection  of  a  great  number  as  described  above,  a 
pure  cidture  was  obtained.  The  colonies  remained  much  smaller  than  those 
on  the  agar,  although  more  nitrite  was  added  repeatedly. 

Tests  for  purUy.  The  fact  that  colonies  from  agar  or  silicic  acid  gel,  seciured 
as  above  outlined,  resulted  in  oxidation  of  the  nitrite  in  solution,  was  not  taken 
as  an  absolute  proof  of  the  purity  of  the  culture.  Further  tests  were  made 
by  inoculation  into  bouillon  and  upon  agar  slopes.  The  bouillon  tubes  were 
incubated  8  to  10  days  because  the  growth  of  the  contaminating  forms  devel- 
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oped  very  slowly.  Agar  containing  3  gm.  of  beef  extract  and  5  gm.  of  peptone 
per  liter  gave  better  results  than  bouillon.  The  growth  on  the  agar  was 
visible  more  quickly  than  in  bouillon.  The  type  of  growth  is  very  slight  in 
comparison  to  the  growth  secured  with  common  soil  organisms.  When 
bouillon  was  used  as  the  test  for  purity,  0.5  cc.  of  the  culture  was  used  as 
inoculum.  It  was  found  that  loop  inoculations  often  fail  to  show  the  presence 
of  the  contaminating  organisms.  The  contamination  usuaUy  consisted  of 
two  organisms  which  also  occurred  with  Nitrosonumas  and  will  be  described 
in  connection  with  the  discussion  of  that  organism. 

Pure  culture  ckaracUrisiics  of  Niirobacter 

Liquid  cultures.  When  the  nutrient  solution  used  in  the  NUrobacUr  enrich- 
ment process  was  inoculated  with  a  pure  culture  of  the  organism,  complete 
oxidation  of  the  nitrite  resulted  in  about  7  days.  At  the  end  of  that  time, 
the  solution  contained  no  visible  growth.  After  the  addition  of  several 
portions  of  sterile  1.5  per  cent  sodium  nitrite  solution,  with  subsequent  oxida- 
tion of  each,  a  very  slight  flocculent  material  began  to  accumulate.  This 
material  always  settled  to  the  bottom  of  the  solution,  and  in  no  case  formed 
a  film  on  the  surface  or  developed  on  the  sides  of  the  flask.  When  removed 
and  stained  with  carbol  fuchsin  it  was  found  to  consist  of  masses  of  the  NUrih 
bacter  cells  together  with  disintegrated  material.  The  amount  of  this  material 
was  small.  The  oxidation  of  the  nitrite  solution  continued  with  the  addition 
of  each  portion  until  the  concentration  of  nitrate  became  surprisingly  high. 

The  organisms  were  readily  stained  with  carbol  fuchsin.  Loeffler's  methyl- 
ene blue  and  aqueous  gentian- violet  were  tried  without  success.  The  organism 
is  distinctly  oval  in  shape,  commonly  found  in  single  cells  or  in  pairs,  about 
0.6  to  0.8  jjL  wide  and  1  to  1.2  ai  in  length.  It  is  non-motil  and  non-spore- 
forming.  The  thermal  death-point  is  between  56°  and  58°C.  Stains  of  the 
t)rpical  forms  are  shown  in  plates  2  and  3. 

Colonies  on  washed  agar.  Agar  plates  inoculated  with  pure  cultures  of  the 
orgajiism  produced  colonies  which  were  first  identified  under  the  microscope 
after  an  incubation  of  7  to  10  days  at  28°C.  They  appeared  as  very  small 
light  brown  colonies  more  or  less  rounded  in  outline.  After  the  nitrite  was 
completely  oxidized  to  nitrate,  usually  10  days  to  2  weeks  or  even  longer,  the 
colonies  developed  somewhat  larger.  They  then  appeared  darker  in  color, 
round  or  three-cornered  in  shape,  and  with  a  regular  outline.  The  surface 
colony  was  occasionally  regular  in  outline  but  was  more  often  irregular  and 
spreading.  The  deep  colony  at  this  stage  was  30  to  50  /i  in  diameter;  the 
surface  colony  somewhat  larger,  50  to  150  /i  in  diameter,  and  with  a  tendency 
to  spread.  The  deep  colony  appeared  homogeneous  and  somewhat  shiny,  the 
surface  colony  slightly  granular  and  dull.  The  typical  deep  colony  on  agar 
b  shown  in  plate  1. 
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Colonies  an  silicic  acid  gd  pUUes,  The  colonies  on  the  silicic  add  gel  were 
very  similar  to  those  on  washed  agar,  being  somewhat  more  dense  and  not  as 
large.  They  had  the  characteristic  light  brown  color,  later  becoming  dark 
brown..  When  silidc  add  gel  plates  were  prepared  after  the  method  of 
Beijerinck  and  inoculated  by  streaking  the  surface,  growth  was  more  profuse 
and  resembled  that  on  the  agar  slope.  To  the  naked  eye  it  appeared  as  very 
scanty  gray  streaks  over  the  plate.  When  examined  under  the  microscope 
the  streak  was  found  to  be  made  up  of  a  mass  of  growth,  light  brown  in  color, 
around  the  edge  of  which  could  be  seen  many  very  small  light  brown  colonies. 
When  small  portions  of  the  gel  were  removed  and  sterile  sodium  nitrite  added 
to  the  wells  thus  formed,  the  growth  increased  and  became  a  characteristic 
dark  brown  color  when  examined  under  the  microscope.  To  the  naked  eye 
the  growth  remained  a  light  gray  color  throughout  the  period  of  activity  of 
the  organisms. 

Washed  agar  slopes.  When  a  slope  of  washed  agar  containing  the  nutrient 
salts  was  inoculated  with  a  pure  culture  in  liquid  medium,  growth  was  visible 
after  a  period  of  4  to  5  days,  and  after  a  period  of  7  to  10  days  formed  a  scanty 
greyish  streak  on  the  surface.  Growth  was  more  uniform  after  a  few  trans- 
fers, the  first  growth  secured  being  somewhat  scattered.  When  the  slopes 
were  inoculated  from  cultures  in  liquid  media  the  resultant  growth  was  often 
in  the  form  of  numerous  very  small  colonies  on  the  surface  of  the  agar.  Con- 
tinuous growth  was  secured  from  this  by  streaking  the  surface  of  the  slope 
with  the  platinum  needle,  thus  joining  the  colonies.  The  usual  nutrient 
solution  when  inoculated  from  the  slope  was  promptly  oxidized. 

Accumulation  of  nitrate  in  liquid  cultures.  Two  1-liter  Erlenmeyer  flasks 
each  containing  100  cc.  of  the  usual  sodium  nitrite  nutrient  solution  were 
inoculated  with  a  pure  culture  of  Nitrobacter  and  incubated  at  28°C.  When 
tests  with  Trommsdorf 's  reagent  showed  no  nitrite  to  be  present  1  cc.  of  sterile 
10  per  cent  sodium  nitrite  was  added  to  each  flask.  After  the  oxidation  of 
the  first  portion  of  nitrite  the  solutions  remained  quite  clear,  but  after  the 
addition  of  one  or  two  portions  of  the  10  per  cent  solution  the  flaky  growth 
began  to  appear.  Stains  then  showed  the  presence  of  an  enormous  number 
of  the  Nitrobacter  cells.  The  flaky  material  developed  for  some  time,  then 
remained  at  about  the  same  stage  without  further  development.  Each  time 
the  nitrite  was  oxidized  more  was  added  and  the  process  continued  until  no 
further  oxidation  could  be  secured.  Analysis  of  the  solutions  at  the  end  of 
the  period  showed  them  to  contain  502  and  527  mgm.  of  nitrogen,  respectively, 
as  nitrate  per  100  cc.  of  solution.  Stains  at  a  late  stage  of  oxidation  showed 
the  presence  of  fewer  organisms  than  after  the  addition  of  the  third  portion  of 
the  nitrite  solution.  After  all  oxidation  ceased  transfers  were  made  to  fresh 
media  and  oxidation  resulted  promptly,  showing  that  the  organisms  were  not 
killed  by  the  products  of  their  own  metabolism  but  a  concentration  was 
reached  beyond  which  no  further  activity  took  place. 
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Thermal  death-point.  The  thermal  death-point  was  determined  by  use  of 
actively  oxidizing  pure  cultures  in  liquid  media.  Tubes  containing  10  cc 
of  a  0.7  per  cent  sodium  chloride  solution  were  placed  in  the  water  baths  at 
various  temperatures  and  held  imtil  of  imif orm  temperature  throughout.  Then 
0.5  cc.  of  the  culture  was  pipetted  into  each  tube,  the  contents  thoroughly 
shaken,  and  held  at  the  temperature  for  10  minutes,  and  then  1  cc  was  drawn 
from  the  tube  and  used  as  inoculum  in  the  usual  sodium-nitrite-nutrient 
solution.  All  tests  were  nm  in  duplicate  at  different  times,  different  cultures 
being  used.    The  thermal  death-point  was  found  to  be  between  56^  and  58^C. 

Longevity,  Two  samples  of  soil  were  available  which  had  been  on  hand 
in  the  laboratory  since  October  28,  1910.  This  soil  had  been  taken  from  the 
field  on  that  date,  air-dried,  passed  through  a  100-mesh  sieve,  and  then  stored 
in  tightly  stoppered  bottles.  This  soil  was  used  as  inoculum  in  the  usual 
nutrient  solution  February  3, 1917.  Oxidation  of  the  nitrite  resulted  promptly 
in  each  flask  inoculated,  showing  the  resistance  of  the  organisms  to  drying. 

Ten  grams  of  soil  were  placed  in  each  of  a  number  of  test  tubes  and  sterilized 
in  the  autoclave  at  10  pounds  pressure  for  1  hour  on  each  of  three  consecutive 
da3rs.  One  cubic  centimeter  of  sterile  sodiiun  nitrite  was  then  added  to  each 
tube.  The  tubes  were  then  divided  into  two  series;  one  series  was  brought 
to  optimum  moisture  content,  approximately,  and  the  other  series  was 
undmnged.  The  tubes  of  the  series  with  the  optimiun  moisture  content  were 
then  sealed  to  prevent  loss  of  moisture  while  those  of  the  first  series  were 
left  with  cotton  plugs.  Both  series  of  tubes  were  then  held  at  room  tem- 
perature to  determine  how  long  the  organisms  would  retain  their  vitality,  as 
determined  by  their  activity  when  inoculated  into  the  usual  nutrient  solution. 

The  organisms  remained  active  in  all  the  tubes,  both  sealed  and  plugged 
with  cotton,  for  a  period  of  4  to  5  months.  They  then  began  to  show  less 
activity  in  that  it  required  a  longer  period  of  time  for  the  oxidation  of  the 
nitrite  when  inoculated  into  the  nutrient  solution.  The  last  test  was  made 
17  months  after  the  tubes  were  stored  and  at  that  time  the  organisms  were 
present  and  still  able  to  oxidize.  Bouillon  tubes  inoculated  from  the  soil 
remained  free  from  all  growth. 

Crude  cultures,  Nitrosotnonas 

Enrichment  cultures.  The  flasks  containing  the  ammonium  sulfate  nutrient 
solution  (a,  p.  436),  were  each  inoculated  with  0.5  gm.  of  the  three  soils  pre- 
viously described.  They  were  then  incubated  at  28°C. ,  and  tested  every  second 
or  third  day  with  Trommsdorf 's  and  Nessler's  reagents.  When  the  test  with 
Trommsdorf's  reagent  gave  a  deep  blue  color  loop  transfers  were  made  to 
fresh  media,  and  the  process  continued.  The  results  of  the  enrichment  proc- 
ess are  shown  in  table  3. 

From  the  data  in  the  table  it  is  apparent  that  the  time  required  for  the  oxida- 
tion of  the  ammonia  in  the  different  generations  is  variable.    In  general  the 
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TABLES 
Time  required  for  ike  axidoHon  of  ammonium  sulfate  by  the  successive  generations  of  nitrosomonas 


F 

Fi 

F, 

F, 

F4 

F, 

F, 

Ft 

F, 

F, 

Fi. 

Fu 
Fu 
Ftt 

Fi4 

Fm 
Fm 
Fit 
Fi, 
Fi, 
F,o 
Fa 
Fa 
F» 
Fm 
F« 
F» 
F« 
F» 
F» 
F,. 
F« 
F« 
F» 

Fn 
F» 
F» 
F„ 
Fu 
Fm 

F40 

F« 


TIME  rOK  OXXDATXOM 


Neutral  soil 

Garden  soil 

days 

days 

7 

7 

.      8 

21 

5 

9 

8 

10 

6 

53 

6 

61 

6 

6 

6 

8 

6 

7 

7 

7 

8 

16 

9 

12 

8 

20 

8 

15 

6 

10 

13 

9 

10 

11 

20 

40 

9 

6 

6 

7 

9 

7 

10 

4* 

9 

6 

5 

6 

16 

7 

16 

6 

10 

4 

8 

7 

7 

7 

9 

7 

7 

7 

7 

7 

7 

8 

6 

8 

4 

8 

7 

7 

8 

7 

7 

10 

7 

7 

7 

8 

8 

8 

Add  soil 


7 
8 
5 

15 
4 
6 
6 
6 
6 
6 
7 
8 
9 
8 
8 
6 

13 

10 

11 

10 
6 
6 
9 
9 
9 
5 

19 

31t 
9 

7 
8 
8 
6 
7 
7 
7 
7 
7 
6 
4 
7 
7 


*  Garden  soil  series.     15  cc.  medium  substituted  for  25  cc.  and  maintained  in  rest  of 
cultures. 

t  First  F«T  failed  to  oxidize  the  anmionia,  second  required  31  days. 
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TABLE  i-ConiimmMd 


•ma  roK  oxidatioii 

OCMXSATIOM  namxuL. 

Neutral  ioU 

Garden  soil 

Addaaa 

ioyt 

days 

dmys 

Fa 

1 

7 

F« 

7 

7 

F«. 

7 

7 

F« 

10 

8 

F« 

6 

8 

F«, 

6 

Fa 

7 

Fa 

6 

Fm 

% 

10 

Fb 

6 

F» 

7 

^^^^^^^^ 

time  becomes  more  uniform  in  the  higher  generations,  as  was  found  wit 
the  NUrobacter  cultures.    The  fluctuation  in  most  cases  is  probably  due  to  thi 
variation  in  the  number  of  nitrite-forming  organisms  transferred.    No  explana — ^-— " 
tion  can  be  given  for  the  extreme  length  of  time  required  for  the  oxidation 
the  ammonium  salt  in  a  few  of  the  cultures,  since  all  media  were  prepared  u 
the  same  manner  and  all  cultures  were  handled  alike.    The  garden  soil  siierii 
was  very  variable  until  the  F21  generation.    At  this  point  IS  cc.  of  the  nutrient 
solution  was  substituted  for  25  cc.  previously  used.    The  increased  surface,^ 
in  proportion  to  the  depth  of  the  solution,  was  responsible  for  the  more  vig — 
orous  oxidation  of  the  ammonium  salt.    In  the  acid  soil  series  the  F27  genera — 
tion  failed  to  oxidize  the  ammonium  and  it  was  only  after  several  transfers 
were  made  that  a  culture  was  secured  which  was  active.    The  point  of  interest 
in  this  connection  is  the  fact  that  there  was  no  loss  of  oxidizing  power  from 
transfer  to  transfer  as  the  cultures  were  continued.    This  is  not  in  accord  with 
the  results  secured  by  Allen  and  Bonazzi  (2),  who  foimd  that  the  cultures 
became  less  active  in  the  successive  transfers.    In  their  first  paper  the  cultures 
became  so  weakened  after  three  or  four  transfers  that  they  were  forced  to 
discontinue  the  process. 

After  a  few  generations  of  enrichment  cultures  had  been  secured,  stains 
with  carbol  fuchsin  were  made  to  determine  the  relative  number  of  organisms 
present.  In  the  majority  of  cases  the  stained  preparations  showed  relatively 
few  organisms  but  if  the  material  for  staining  was  taken  from  the  bottom  of 
the  flask  numerous  clumps  of  organisms  could  be  seen.  These  were  in  general 
about  0.9  to  1  Ai  wide  and  1.2  to  1.5  /i  long,  rounded  or  oval,  and  imiformly 
stained.  Few  other  types  of  organisms  were  present,  but  if  the  smears  were 
examined  carefully  a  very  small  rod  form  could  be  found  and  also  an  occasional 
clump  of  a  very  small  coccus  form.  Sterile  ammonium  sulfate  solution 
was  then  added  to  the  cultures  and  was  promptly  oxidized  to  nitrite  in  two 
or  three  days,  and  each  successive  portion  added  was  likewise  oxidized.    It 
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was  necessary  to  add  more  magnesium  carbonate  from  time  to  time  as  the 
concentration  of  nitrite  increased.  No  growth  in  the  culture  solutions  was 
visible  until  the  nitrous  add  formed  had  rendered  the  magnesium  carbonate 
soluble,  and  then  only  a  very  slight  flaky  material  could  be  seen.  In  no  case 
did  the  organism  grow  on  the  surface  of  the  solution  or  on  the  sides  of  the 
flask.  When  stains  were  prepared  from  the  cultures  after  the  oxidation  of 
several  added  portions  of  ammonium  sulfate,  the  number  of  organisms  was 
found  to  have  increased  enormously.  The  stains  showed  the  same  type  of 
organism  previously  observed  but  in  much  greater  numbers,  both  in  cliunps 
and  scattered  as  free  cells  over  the  field.  The  contaminating  organisms  were 
either  in  such  a  minority  or  so  nearly  resembled  the  nitrite-forming  organism 
that  the  stain  indicated  the  cultute  was  pure.  However,  this  was  not  the 
case,  as  will  be  explained  later.  The  nitrite  content  gradually  increased, 
as  each  successive  portion  of  ammonium  sulfate  was  oxidized,  accompanied 
by  a  large  increase  in  the  nimlber  of  organisms  up  to  about  the  seventh  or 
eighth  addition,  beyond  which  the  cells  began  to  disintegrate,  probably  be- 
cause of  the  high  concentration  of  nitrite.  After  the  addition  of  eight  or  nine 
portions  of  ammonium  sulfate  solution  the  time  required  for  oxidation 
increased  materially  and  after  the  addition  of  12  to  15  portions  the  process 
was  entirely  inhibited. 

Flasks  containing  the  nutrient  solutions  of  magnesium  ammonium  phos- 
phate (b,  p.  437)  and  sodium  ammonium  hydrogen  phosphate  (c,  p.  437)  were 
inocidated  from  one  of  the  enrichment  cultures,  and  after  oxidation  of  the 
ammonia  had  occurred  transfers  were  made  in  the  usual  manner.  These 
cultures  were  carried  through  a  number  of  generations  in  order  to  determine 
whether  or  not  there  was  any  advantage  in  the  use  of  these  salts  as  the  source 
of  ammonia.  The  results  showed  that  the  time  required  for  the  oxidation 
of  these  salts  was  much  the  same  as  for  ammonium  sulfate,  and  if  there  was 
any  advantage  it  was  in  favor  of  the  ammonium  sulfate  solution. 

Number  of  bacieria  in  enrichment  cultures.  In  order  to  determine  whether 
or  not  the  enrichment  process  was  actually  increasing  the  number  of  nitrite- 
forming  organisms  dilution  counts  were  made  from  the  cultures.  These  dilu- 
tions were  made  immediately  after  the  oxidation  of  the  ammonium  sulfate, 
and  before  the  addition  of  a  second  portion.  The  culture  was  shaken  vigor- 
ously in  order  to  get  the  contents  well  mixed,  and  1  cc.  transferred  by  means 
of  a  sterile  pipette  to  a  99-cc.  water  blank.  Successive  transfers  were  made 
in  a  similar  manner,  thus  securing  the  dilutions  indicated  in  table  5.  In  the 
case  of  the  Fsi,  acid  soil,  the  dilutions  were  made  direct  in  the  nitrifying  media, 
transferring  1  cc.  from  each  flask  to  the  next.  One  cubic  centimeter  of  each 
dilution  in  the  water  blanks  was  used  as  inoculum  in  the  usual  nutrient  solu- 
tion, and  in  this  manner  the  presence  or  absence  of  NUrosomonas  in  that 
dilution  determined.  At  the  same  time  Heyden  agar  plates  were  inoculated 
from  the  dilutions  and  incubated  at  28^C.  The  results  of  the  Nitrosomonas 
counts  are  shown  in  table  4. 
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From  the  data  in  the  table  it  is  apparent  that  the  number  of  nitrite-form- 
ing organisms  in  the  cultures  has  increased  from  enrichment  F4  to  enrichment 
F«|.    It  is  also  apparent  that  the  time  required  for  the  oxidation  of  the  amm< 
was  somewhat  dependent  on  the  nimiber  of  organisms  used  as  inoculum.    ThGi 
highest  count  obtained  was  19,000,000,  which  is  about  the  total  number  0^1 
organisms  usually  found  in  1  gm.  of  soil  as  determined  by  the  plate  method 

Colonies  developed  on  the  Heyden  N^LhrstofiF  agar  plates  from  all  the  dilut.^ 
tions,  showing  contaminating  organisms  to  be  present  in  numbers  equall]^j 


TABLE  4 
Number  of  nitrosomonas  organisms  in  the  enrichment  cultures 


OXMXBATION  NUICBBS 

oiLXTnoM  l:z 

DAYS  lOE imilllB      ^B, 

none,  1  cc 

10 

100 

2 
3 

6 

F4.    Add  soil;  dflutions  m  distilled  water;  12  /28  /15  . . . 

1,000 
10,000 

10 
12 

100,000 

1,000,000 

10,000,000 

14 
No  ozidatio^^Ki 
Tin  niiilntiin^^i 

Fm.    Add  soil;  dilutions  in  saline:  2  /10/16 

100 

1,000 

10,000 

100,000 

200,000 

400,000 

600,000 

800,000 

1,000,000 

7 

8 

14 

13 

13 

k 

13 
15 
15 
18 

• 

100 

1,000 

10,000 

100,000 

8 

8 

9 

lost 

Fio-    Neutral  soil:  dilutions  in  saline:  2  /10/16 { 

200,000 

15 

k 

400,000 

600,000 

800,000 

1,000,000 

18 
15 
19 
22 

' 

100 

2,500 

62,500 

6 
10 
11 

Fu.    Add  soil;  dilutions  in  nitrifying  solution;  1 1  /7  /16  . 

125,000 
781,000 

13 
16 

k 

1,562,600 
19,031,050 
38,062,500 

16 
18 
Noozidatioo 

^ 
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TABLE  ^-Coniimud 


onmAXioii  mniBm 


F».    Add  sofl;  dflutions  in  saline;  11  /17  /i6 < 


DXLimoM  l:s 

100 

5 

1,000 

7 

10,000 

8 

100,000 

10 

200,000 

10 

500,000 

11 

800,000 

12 

1,000,000 

14 

2,000,000 

15 

5,000,000 

17 

8,000,000 

17 

10,000,000 

19 

20,000,000 

No  oxidation 

50,000,000 

No  oxidation 

as  great  as  or  greater  than  Nitrosomonas.  The  plates  from  the  F4  generation 
showed  a  higher  number  of  colonies  than  those  from  Fio,  indicating  an  elimina- 
tion of  undesirable  types  due  to  the  enrichment  process.  The  plates  from  the 
lower  dilutions  showed  five  or  six  types  of  colonies,  those  from  the  higher 
dilutions  developed  4  to  20  colonies  each  of  apparently  only  two  types,  one 
a  very  small,  round  or  oval  colony,  yellowish  brown  in  color,  the  other  a  light 
greyish  colony  of  dull  appearance,  very  round  in  shape,  and  many  times  as 
large  as  the  small  yellow  colony.  The  small  colony  was  far  more  numerous 
than  the  larger  type,  and  sometimes  developed  a  bright  yellow  color  when 
seen  under  the  microscope.  From  the  results  of  these  plates  it  seems  that 
only  two  organisms  are  present  in  the  enrichment  cultiures  in  as  great  num- 
bers as  Nitrosomonas.    These  two  organisms  will  be  discussed  later. 

The  results  of  these  dilution  counts  are  much  the  same  as  those  seciured  with 
the  NUrobacter  cultures  and  the  same  conclusions  may  be  drawn  from  their 
study.  Not  only  does  the  enrichment  process  increase  the  number  of  desirable 
organisms  but  it  eliminates  a  high  percentage  of  the  undesirable  types. 

EJfed  of  sodium  chloride  on  enrichment  cultures.  The  poor  results  secured 
by  the  use  of  silicic  acid  gel  prepared  after  the  method  of  Stephens  and  Temple 
(54)  were  attributed  to  too  high  a  concentration  of  sodium  chloride.  Flasks 
containing  the  usual  ammonium  sulfate  nutrient  solution  and  sodium  chloride 
at  various  concentrations  were  each  inoculated  from  an  active  enrichment 
culture,  in  order  to  determine  the  amount  of  sodium  chloride  which  would 
exert  toxic  action  on  nitrite  formation.    The  results  are  shown  in  table  5. 

The  solution  used  for  the  cultivation  of  Nitrosomonas  throughout  the  work 
contained  0.2  per  cent  sodium  chloride.  From  the  data  in  the  table  it  is  seen 
that  concentrations  above  0.8  per  cent  greatly  inhibited  nitrite  formation, 
and  concentrations  above  1  per  cent  prohibited  oxidation.  The  data  indicate 
that  silicic  add  gel  prepared  after  the  method  of  either  Stephens  and  Temple 
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TABLE  S 

Effect  of  sodium  chloride  on  nilrosomonas  enrichment  cultures 


OBNEEATIOir 

SOOnTM  CHLOUm 
PIRCEMTAGE 

DAYS  lOE  OZIDAZBi^^ail 

0.2 

0.2 

5 
5 

Ff. 

ArH  soil ;  2  /8  / 16 < 

0.5 
0.5 

9 

^   w^ 

^^  ^^  ^^»^^^^^      ^^  ^^  ^^^»  w       ^^^     V   ^^r     M    ^^  ^^r  vvvv^vvvvvv       ■       ••••       vv       vBvVVvVVVVVv 

10 

1.0. 
1.0 

No  oridatior^ 
Noozidatioo 

0.2 
0.2 

5 
5 

Fi. 

Neutial  soil;  2  /8  /16 

0.5 
0.5 

12  to  15 

^  w^ 

^"   »  ^»^^  ^^^«^P^     HP^^^i^  ■      ^^    «  ^V    m   ^K  ^^  VVSVWVSVVS       ■■9V'VWV#S#       •>■••# 

12  to  15 

1.0 
1.0 

No  oxidation 
No  oxidation 

None 
None 

17\veiT 
17/ weak 

0.05 
0.05 

91  fairiy 
9/ Strang 

0.10 
0.10 

9  strong 
9  strong 

0.20 
0.20 

9  strong 
9  strong 

Fw. 

4/14/17 < 

0.40 
0.40 

0.60 
0.60 

9  strong 
9  strong 

•w^ 

»!••    ••••■••••••••••••""•••••••••••••••••• 

9  strong 
9  strong 

• 

0.80 
0.80 

12  strong 
15  strong 

1.00 
1.00 

20"!  very 
20/ weak 

1 

1.50 
1.50 

No  oxidation 
No  oxidation 

» 

2.00 
2.00 

No  oxidation 
No  oxidation 
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or  Doryland  is  not  adaptable  to  the  cultivation  of  Nitrosomonas.  The  Fu 
culture  withstood  a  higher  concentration  of  the  sodium  chloride  than  the  F» 
culture,  which  indicates  that  continual  cultivation  in  the  liquid  medium  has 
increased  the  resistance  of  the  organism  to  sodium  chloride. 

Effed  of  silicic  acid  on  enrichmeni  cuUures.  Silicic  add,  containing  1.5  per 
cent  of  silicon  dioxide  (SiQs)  was  added  to  the  flasks  containing  the  nutrient 
medium,  in  quantities  of  2,  4,  6,  8  and*  10  cc,  respectively.  Thus  the  flask 
containing  2  cc.  of  the  silicic  acid  sol  had  a  total  volume  of  17  cc.  of  solution 
while  the  flask  receiving  10  cc.  of  the  silicic  acid  had  a  volume  of  25  cc.  of 
solution,  giving  0.176  per  cent,  0.316  per  cent,  0.428  per  cent,  0.522  per  cent 
and  0.600  percent  of  silicon  dioxide,  respectively.  The  flasks  were  then  inocu- 
lated from  an  active  enrichment  culture.  Oxidation  resulted  promptly  in 
each  flask.  Varying  quantities  of  pure  silicic  acid  in  the  gel  state  were  then 
added  to  each  of  another  series  of  flasks  which  were  then  inoculated.  Oxida- 
tion resulted  in  each  flask  in  the  usual  time.    These  results  showed  that  the 

TABLE  6 
Effect  of  sail  extract  on  enrichment  culture  of  nitrosomonas 


BXTKACT 


Neutral  soil. 


Add  soil. 


Garden  soil. 


OZDATKni 


0 
0 


++ 
++ 


0  No  nitrite  formation. 
+  Fair  nitrite  formation. 
++  Very  strong  nitrite  formation. 

silidc  acid  either  as  sol  or  gel  had  no  toxic  action  on  nitrite  formation  in  solu- 
tion.   Bonazzi  found  the  same  thing  true  with  his  cultures. 

Effect  of  soil  extract  on  enrichment  cultures.  Soil  extracts  from  each  of  the 
three  soils,  neutral  silt  loam,  acid  silt  loam,  and  garden  soil  heavy  in  organic 
matter,  were  prepared  by  heating  1  kgm.  of  soil  with  1  liter  of  water  in  the 
steamer  for  1  hour.  These  were  then  filtered  and  washed  until  the  filtrate 
from  each  was  1  liter  in  volume.  These  extracts  were  then  each  divided  into 
two  lots,  one  of  which  received  1  gm.  di-potassium  phosphate  (K2HPO4)  per 
liter,  while  the  other  received  no  treatment.  These  extracts  were  then  used 
as  the  nutrient  medium,  after  the  addition  of  ammonium  sulfate  and  mag- 
nesium carbonate  in  the  proper  proportion.  Both  these  ingredients  were 
added  after  the  sterilization  of  the  extract.  The  flasks  were  then  inoculated 
from  an  active  enrichment  culture  and  tested  regularly  for  the  first  oxidation 
of  the  ammonia.    The  results  are  shown  in  table  6. 
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The  cultures  prepared  with  the  garden  soil  extract  gave  oxidation  as  readily 
as  or  more  readily  than  those  in  the  usual  ammonium  sulfate  nutrient  solu- 
tion. This  was  unexpected  since  the  extract  was  deep  brown  in  color  from 
the  soluble  organic  matter.  The  acid  soil  extract  was  much  lighter  in  color 
and  the  neutral  soil  extract  was  nearly  colorless.  The  absence  of  soluble 
plant-food  rather  than  the  toxic  effect  of  the  organic  matter  e]q>lains  ther 
results  of  no  oxidation  in  the  first  two  extracts.  The  garden  soil  had  an. 
abundance  of  soluble  plant-food  as  well  as  the  large  amount  of  organic  matter.^ 

Isolation  of  Nitrosonumas 

Agar  plates.  The  isolation  of  the  organism  by  use  of  the  plate  method 
was  accomplished  only  by  the  use  of  super-enrichment  cultures;  that  is,  cul- 
tures which  had  received  several  additions  of  ammonium  sulfate  with  sub- 
sequent oxidation  of  each.  A  drop  of  sterile  water  was  placed  in  each  of  sev- 
eral petri-dishes  and  a  loop  of  the  solution  taken  from  the  desired  culture  and 
mixed  with  the  water  in  the  first  plate,  then  a  loop  from  this  to  the  second 
plate,  etc.,  thus  securing  a  greater  dilution  with  each  successive  plate.  The 
nutrient  salts  in  sterile  concentrated  solution  were  then  added  as  previous^ 
described,  the  agar  poured  into  the  plate  and  the  contents  thoroughly  mixed, 
and  then  the  plate  incubated  in  incubating  cylinders  at  28^C.  The  plates  were 
tested  at  intervals  by  removing  a  small  piece  of  the  agar  and  placing  it  in 
Trommsdorf 's  reagent.  In  case  the  nitrite  formers  were  active,  whidi  in  gen- 
eral required  an  incubation  of  2  to  4  weeks,  the  test  would  give  a  deep  blue 
color.  When  the  plates  were  examined  before  there  was  any  nitrite  forma- 
tion they  were  found  to  contain  many  colonies,  scarcely  visible  to  the  naked 
eye,  but  visible  under  the  16-mm.  objective.  The  colonies  appeared  light 
brown  in  color,  rounded  or  oblong  in  shape,  and  usually  with  a  smooth  outline. 
When  colonies  were  removed  and  stained  they  were  foimd  to  contain  two 
types  of  organisms,  one  a  very  minute  bacillus,  the  other  an  oblong  form  re- 
sembling Nitrosomonas  but  considerably  smalkr.  When  inoculated  into  bouil- 
lon, growth  resulted  in  two  or  three  days.  The  colonies  on  the  plate  varied 
in  size  from  30  to  150  n. 

After  the  plate  had  shown  nitrite  formation  but  little  change  in  growth 
could  be  detected.  The  same  type  of  colonies  predominated  and  a  few  more 
had  developed,  which  also  were  very  small  and  very  light  brown  in  color. 
When  isolated  colonies  were  removed  from  the  plate  by  means  of  the  Barber 
apparatus  and  placed  in  the  usual  liquid  medium,  oxidation  resulted  in  about 
one  case  out  of  twelve  or  more.  When  stains  were  made  from  those  sho¥ring 
oxidation,  apparently  only  the  Nitrosomonas  form  was  present,  but  when  ex- 
amined very  closely  the  small  bacillus  form  could  be  foimd.  Bouillon  was 
used  as  a  test  for  purity  since  Winogradsky  states  that  neither  of  the  nitri- 
fying organisms  would  produce  visible  growth  in  that  medium.  When  bouil- 
lon tubes  were  inoculated  from  the  culture  in  solution,  which  was  secured  from 
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the  agar  colony,  conflicting  results  were  secured.  The  bouillon  tubes  were 
inoculated  with  one  or  two  loops  from  the  active  culture.  Some  of  the  tubes 
thus  inoculated  produced  growth  while  others  did  not.  Those  giving  no 
growth  were  considered  pure  and  transfers  were  made  to  fresh  media.  The 
subcultiures  showed  prompt  oxidation  and  when  bouillon  was  inoculated  from 
them  some  produced  growth  and  others  did  not.  These  results  were  very 
confusing.  If  the  mother  culture  proved  "bouillon  sterile"  why  should  the 
daughter  cultures  show  growth  in  bouillon?  It  was  then  foimd  that  if  0.5 
cc.  of  each  culture  was  used  as  inoculum  for  the  bouillon,  growth  resulted  in 
every  case.  From  the  results  it  appears  that  the  cultures  were  not  pure  but 
contained  another  organism  which  was  present  in  such  small  numbers  in  com- 
parison to  the  nimiber  of  Nitrosomonas  cells  that  occasional  loops  could  be 
secured  which  contained  none  of  the  contaminating  form.  Working  on  this 
supposition,  a  great  number  of  dilution  tests  were  made  and  media  inoculated 
from  each  dilution.  The  results  showed  that  the  cultures  contained  a  very  high 
number  of  nitrite-forming  organisms,  in  some  cases  between  10  and  20  million 
per  cubic  centimeter  of  solution.  Each  flask  inoculated  from  the  respective 
dilutions  was  promptly  inoculated  into  bouillon  as  soon  as  it  had  shown  oxi- 
dation, 0.5  cc.  of  the  solution  being  used  as  the  inoculum.  Some  gave  growth 
in  bouillon  while  others  did  not.  The  results  indicated  that  the  former  sup- 
position is  not  correct,  but  that  the  contaminating  form  was  present  in 
larger  numbers  than  Niirosomomis  or  was  so  closely  associated  with  it  that  the 
ordinary  dilution  methods  would  not  separate  them.  In  certain  cases  the 
mother  culture  would  not  produce  growth  in  bouillon  while  the  Fi  cultures 
would  produce  growth  in  bouillon  and  similar  results  with  the  F2  generation. 
This  peculiarity  has  been  noted  several  times. 

Only  one,  or  occasionally  two,  types  of  growth  would  appear  in  the  bouillon 
tubes  inoculated  from  the  cultures.  Later  in  the  work  only  a  very  small  bacil- 
lus form  was  found.  If  the  cultures  contained  only  two  contaminating  forms 
they  should  be  separated  easily  from  NUrosomonas  by  the  plate  method, 
since  the  latter  organism  is  present  in  such  great  numbers.  Many  agar  plates 
were  inoculated  from  these  cultures  in  various  dilutions.  Some  of  the  plates 
produced  colonies  and  prompt  oxidation  of  the  ammonium  salt  while  others 
gave  entirely  negative  results.  When  studied  imder  the  microscope  the 
plates  were  found  to  contain  numerous  small  brown  colonies,  the  same  as  those 
previously  described,  and  transfers  from  these  colonies  to  the  nutrient  solu- 
tion gave  the  same  results  as  those  secured  before;  that  is,  about  10  per  cent 
or  less  gave  oxidation  of  the  ammonium  salt,  and  these  gave  sporadic  growth 
when  inoculated  into  bouillon. 

When  dilutions  were  made  from  the  cidtures  in  an  effort  to  eliminate  the 
contaminating  form,  bouillon  tubes  as  well  as  the  ammonium  sulfate  nutrient 
solution  were  inoculated  from  each  of  the  dilutions.  In  the  majority  of  the 
cases  the  bouillon  tubes  remained  free  from  growth  after  2  weeks'  incubation, 
even  from  the  lower  dilutions,  while  the  flasks  of  the  nutrient  solutions,  inoc- 
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ulated  from  the  same  dilutions,  gave  prompt  oxidation  and  in  many  cases 
subsequent  growth  in  bouillon. 

Silicic  acid  gel  plates.  The  inexplainable  results  secured  from  the  use  of 
agar  as  the  base  for  a  solid  medium  led  to  the  use  of  silicic  add  gel  as  a  sub- 
stitute. The  method  of  preparing  this  as  a  medium  in  this  work  has  been 
previously  described.  The  results  obtained  were  somewhat  more  encouraging. 
This  medium  when  inoculated  with  an  active  nitrite-forming  culture  showed 
the  formation  of  nitrite  after  an  incubation  of  3  to  4  weeks.  Growth  was 
scarcely  visible  without  the  aid  of  a  microscope,  but  when  examined  under  the 
16-mm.  objective  numerous  very  small  light  brown  colonies  could  be  seen. 
These  colonies  did  not  develop  as  large  as  those  on  the  agar  but  remained  very 
small.  At  first  they  were  round  and  regular  in  outline  but  after  the  addition 
of  more  ammonium  sulfate  to  the  plate  and  longer  incubation,  scattered  cells 
could  be  seen  around  the  colonies.  Close  examination  showed  that  the  colony 
had  become  so  dense  that  it  had  bursted  apart  and  the  single  cells  were  moving 
outward  from  the  center.  The  colonies  were  very  difficult  to  remove  from  the 
medium  and  extremely  difficult  to  tear  apart.  If  a  colony  was  removed  by 
the  method  previously  described,  placed  on  a  slide  and  stained  with  carbd 
fuchsin,  in  the  majority  of  cases  no  organisms  could  be  found.  Even  wbok 
small  chunks  of  the  silicic  add  gel  containing  several  of  the  colonies  were 
smeared  on  the  slide  and  stained,  no  organisms  could  be  found  or  if  so  they 
were  in  such  dense  dumps  that  single  organisms  could  not  be  studied.  For  a 
while  this  was  very  confusing  but  after  a  time  an  explanation  was  found.  The 
organisms  climg  tightly  to  the  silidc  acid  and  in  the  fixing  they  became  at- 
tached to  the  small  par  tides  of  silicon  dioxide  (SiQs).  This  condusion  was 
formulated  from  the  discovery  that  the  colonies  could  be  stained  directly  on 
the  gel.  Carbol  fuchsin  was  poured  directly  on  the  surface  of  the  gel,  allowed 
to  remain  from  40  to  80  seconds,  then  washed  off  with  a  slow  stream  of  water. 
If  it  was  not  desirable  to  stain  the  whole  plate  a  small  portion  of  the  gel  was 
removed  by  means  of  a  thin  glass  slide  and  stained  in  the  same  manner.  The 
colonies  were  deeply  stained  while  the  gel  contained  no  noticeable  stain. 
Photomicrographs  of  the  colonies  stained  by  this  method  are  shown  in  plates 
4  and  5. 

The  colonies  of  NUrosomonas  were  not  always  as  described  above.  It  was 
very  difficult  to  secure  silicic  acid  gel  plates  of  the  same  physical  composition, 
and  the  consistency  of  the  gel  determines  the  nature  of  the  colony.  On  the 
softer  gels  the  colonies  were  not  so  compact.  The  colonies  appeared  first  as 
small  refractive  bodies  with  sharp  outline  and  later  they  became  light  brown 
in  color  and  continued  to  darken  until  fairly  dark  brown.  As  they  became 
older  the  outline  became  more  irregular  and  a  number  appeared  as  those 
shown  in  plate  5.  To  the  naked  eye  the  colonies  appeared  light  gray  in 
color. 

Other  colonies  not  NUrosomonas  were  seen  on  the  plates  inoculated  from  the 
crude  cultures,  which  were  very  similar  in  size,  color,  and  shape  to  the  Nitra- 
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sonumas  colonies.  These  non-nitrifying  colonies  were  small,  rounded  or  oblong 
in  shape,  and  brown  in  color.  A  few  of  the  colonies  had  a  granular  appear- 
ance, a  sharp  outline  within  which  the  organisms  were  somewhat  loosely  ar- 
ranged approaching  a  more  dense  granular  center.  This  type  of  colony  was 
usually  larger  than  the  others  and  was  found  on  the  surface. 

When  colonies  were  selected  from  the  gel  and  inoculated  into  the  usual 
ammonium  sulfate  nutrient  solution,  nitrite  formation  resulted  with  great 
irregularity.  A  small  percentage  produced  oxidation  of  the  ammonia,  prob- 
ably a  slightly  higher  percentage  than  was  seciured  from  the  agar  colonies. 
Subsequent  tests  with  bouillon  gave  the  same  results  that  were  secured  from 
the  use  of  agar.  One  int^esting  fact  which  had  not  been  previously  noted  in 
the  use  of  agar  was  brought  out  from  the  use  of  the  silicic  acid  gel.  On  sev- 
eral di£Ferent  occasions  plates  were  secured  which  contained  a  large  number  of 
colonies  and  which  gave  an  active  oxidation  of  the  ammonium  salt.  These 
colonies  answered  in  every  detail  the  description  of  the  NUrosomonas  colony 
given  by  Winogradsky  and  were  identical  with  his  photographs.  The  colo- 
nies were  transferred  to  the  usual  ammonium  sulfate  medium  but  produced  no 
oxidation,  and  when  transferred  to  bouillon  they  produced  no  growth.  Great 
numbers  were  then  scooped  from  the  plate  and  used  as  inoculum  into  each 
medium,  with  negative  results.  This  fact  was  later  noted  in  many  cases  when 
agar  plates  were  used.  When  stained  the  organisms  were  not  typical  of 
NUrosonumas  as  found  in  the  active  state  in  liquid  medium  but  were  smaller, 
yet  they  still  maintained  their  characteristic  shape. 

There  was  on  hand  in  the  laboratory  one  culture,  no.  X,  which  produced 
active  oxidation  but  would  produce  no  growth  when  inoculated  into  bouillon 
repeatedly,  yet  its  daughter  cultiures,  after  oxidation  of  the  ammonia,  produced 
growth  in  bouillon.  One  of  the  members  of  the  department  wished  to  test 
the  results  secured  with  this  cultiure.  His  tests  with  bouillon  likewise  gave 
negative  results.  He  then  inoculated  10  parallel  flasks  of  fresh  anmionium 
sulfate  medium  from  this  culture,  first  running  controls  on  the  medium  used, 
and  when  the  ammonium  salt  had  been  oxidized  tested  for  purity  by  the  in- 
oculation of  bouillon.  After  oxidation  of  the  ammonium  sulfate  more  was 
added  and  the  bouillon  test  repeated,  etc,  until  no  further  oxidation  could  be 
secured.  Each  of  the  10  cultiures  produced  growth  in  bouillon  throughout  the 
entire  length  of  the  experiment.  Fourteen  additions  of  ammonium  sulfate 
were  made  and  likewise  14  bouillon  tests,  each  of  which  produced  growth. 
After  no  further  oxidation  could  be  seciured  6  of  the  cultiures  were  analyzed  for 
nitrite  content.  They  contained  the  following  amounts  of  nitrogen  as  nitrite, 
calculated  per  100  cc.  of  solution  culture:  1  =  184  mgm.,  2  ==  170  mgm.,  3  » 
208  mgm.,  4  =  206.6  mgm.,  5  =  106.6  mgm.,  6  =  180  mgm. 

The  results  secured  from  this  experiment  show  that  the  bouillon  test  was  not 
influenced  by  the  nitrite  content  of  the  solution  used  as  inoculum.  In  all 
cases  0.5  cc.  of  the  cultiure  was  used  as  inoculum  for  10  cc.  of  the  bouillon. 
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Thid  sporadic  growth  in  bouilloti  may. be  described  bfest  by  the  results  of 
one  series  which  are  shown  in  figure  1.  Several  bf  such  series  of  tests  have 
been  made  and  this  particular  one  affords  a  representative  example  of  the  re- 
sults secured  in  eath  case.  Tliis  chain  began  with  culture  X  which  was  just 
described.  This  culture  oxidised  each  added  portion  of  aasmonium  sulfate 
until  the  solution  Contained  218.9  mgm.  of  nitrogen  as  nitrite  per  100  cc.  of 
solution. 

llie  sporiBidic  growth  M  boufllon  M  the  various  generations  h  evident  horn 
a  glance  at  the  chart.  All  the  da^gbtier  cultures  wete  not  nmde  on  the  same 
date  but  at  differeht  times;  however  the  same  itiedimn  was  used  throughout. 
It  was  thought  that  this  periodic  ^wth  in  bdiiilkiu  could  be  explained  by  a 
loss  bf  virule!nce  bf  the  hitrite-fotlaiing  biganisi]^,  since  some  of  the  ctitures  in 
die  chatt  failed  to  ptoSfote  oxidation  of  tb6  ananoniinti  salt.  Periiaps  the 
otgahism  would  produce  gh>Wt}i  in  bduiilon  whe^  pbssessing  its  usual  activity, 
but  When  a  Wealdless  &  itsbxidiskig  powfer  bega^  to^q>ress  itself  the  bouiUion 
tl^  Would  pvt  negatiVi^  results.  TliiB  {>ossibi]ity  htd  not  been  sustained  by 
die  results  With  a  thajority  bf  the  odtures.  Some  cultures  showing  unusual 
aictivity  j^rodnc^  hb  gtowth  in  boiAtbn.  HbWiever,  thbse  cultures  diowing 
low  oxidizii^  ability  in  geharid  give  native  results  whim  inoculated  into 
bouillon.  Boinllon  ot  veityisig  degrees  bf  acidity  and  a&al&)ity  was  used  and 
thb  results  indicated  thlit  the  ne^tiy  bbuillon  was  equally  as  satisfactory  as 
bouiQbn  slightly  add  br  sli^tly  ialkaline.  MaHy  ttaW&fen  hoot  been  made  from 
the  growth  in  the  hauUhn  tubes  tofreih  amtnonit^  iMfa^  meiiium  butin'no  coae 
kds  oxiiaiiontesiilted.  The  growth  secured  in  this  bbuiUon  was  quite  character- 
istic in  all  cases — first  very  scanty  imd  requuring  an  incubation  of  6  to  10  days, 
then  giving  the  mediimi  only  a  very  slight  doziness.  It  was  very  difficult  to 
secure  a  characteristic  stained  preparation  from  the  bbuillon,  but  in  general 
die  brganism  was  very  small,  less  than  1  ;i  in  length,  a  distinct  bacillus,  often 
appearing  as  a  mere  dot. 

No  explanation  can  be  giveh  for  the  fact  that  a  few  b!  the  cultures  shown  in 
the  chart  failed  tb  oxidize  the  ammcmium  salt.  This  failure  to  oxidize  was  not 
met  with  in  the  cultivation  of  the  crude  cultures  but  was  noticeable  in  all  the 
pure  cultul:es.  This  indicates  that  the  true  nitrite-forming  organism  is  aided 
by  the  contaminating  forms  present  in  the  enrichment  cultures. 

From  the  results  obtained  in  the  foregoing  Work  it  is  obvious  that  bouillon 
cannot  be  used  as  a  test  for  purity  of  the  nitrite-forming  organism  unless 
other  confirmatory  tests  be  made,  such  as  cultivation  on  agar  or  silidc  add  geL 

Winogradsky  found  the  nitrite-forming  organism  in  his  cultures  in  two  stages, 
one  of  which  he  terms  "schwarmer"  and  the  other  the  "free  cell  stage." 
It  is  doubtful  if  such  forms  were  present  in  this  work,  though  such  might  have 
been  the  case.  The  free-cell  type  was  common  in  all  the  cultures,  and  many 
strains  showed  great  masses  of  the  organisms  which  resembled  very  closely 
the  "schwarmer"  stage;  however,  this  latter  character  of  growth  differed  but 
slightly  from  the  forms  found  as  free  cells  and  was  not  considered  to  be  a  mor- 
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phologically  dififerent  form,  although  the  organisms  withm  the  group  were 
occasionally  slightly  smaller. 

When  washed  agar  plates  were  prepared  and  inoculated  from  bouillon  sterile 
cultures  active  growth  and  oxidation  resulted  in  many  cases.  Colonies  de- 
veloped in  very  great  numbers  but  very  few  of  these  would  produce  oxidaticm 
when  transferred  to  the  ammonium  sulfate  nutrient  solution,  and  none  would 
produce  growth  when  transferred  to  bouillon.  This  inability  of  the  organism 
to  oxidize  the  ammonium  salt  in  solution  when  transferred  from  the  plates 
was  a  very  puzzling  problem.  It  was  thought  possible  that  there  was  a  sym- 
biotic relationship  between  the  t)^  growing  in  bouillon,  if  a  contaminating 
form,  and  the  true  nitrite-forming  organism.  If  this  was  the  case  each  would 
lend  its  influence  on  the  agar  plate  and  when  one  of  the  forms  was  transferred 
to  liquid  medium  oxidation  would  not  result  because  of  the  absence  of  the  other 
form.  In  order  to  check  this  possibility  many  colonies  were  selected  from 
agar  and  silicic  acid  gel  and  transferred  to  flasks  of  the  nutrient  solution. 
These  flasks  were  then  inoculated  from  the  characteristic  bouillon  growth  as 
well  as  with  colonies  selected  from  Heyden  agar  plates  which  had  been  inocu- 
lated from  a  crude  culture.  The  results  in  general  were  negative,  indicating 
that  if  such  symbioticrelationship  existed  it  was  destroyed  by  the  development 
of  the  organisms  on  agar.  It  is  not  believed  that  any  organism  other  than 
NUrosonumas  was  present  on  the  plates.  The  fact  that  NUrosamanas  colonies 
develop  on  washed  agar  and  silicic  acid  gel,  and  maintain  their  oxidizing 
power  on  such  plates,  and  then  produce  oxidation  in  such  a  small  per- 
centage of  cases  when  transferred  from  the  plates  to  ammonium  sulfate  nutri- 
ent solution,  is  explained  in  that  the  conditions  met  with  on  the  plates  are 
not  entirely  favorable  and  have  brought  about  a  weakening  of  the  organism 
which  is  first  detected  when  transfers  are  made  to  the  original  liquid  medium. 
This  necessitates  the  use  of  a  large  inoculum,  which  explains  the  failure  in 
many  cases  to  secure  oxidation  from  a  single  colony. 

It  was  thought  for  a  long  time  that  this  growth  in  bouillon  was  the  nitrite- 
forming  organism  but  later  results  proved  that  such  was  not  the  case.  Pure 
cultures  have  been  obtained  from  colonies  and  held  on  hand  for  many  genera- 
tions without  producing  growth  in  bouillon.  The  sporadic  appearance  of  the 
growth  in  bouillon  in  the  early  work  is  held  to  be  due  to  contamination.  This 
small  bacillus  is  so  closely  associated  with  the  nitrite-forming  organism  and  is 
present  in  such  small  numbers  that  it  is  not  consistent  in  showing  its  presence. 
The  nutrient  requirements  of  the  organism  are  so  slight  that  it  is  able  to  de- 
velop slightly  in  the  nitrifying  solution  with  the  nitrite-forming  organism. 

A  ccumulation  of  nitrite  in  liquid  cultures.  The  extremely  high  concentration 
of  nitrite  which  could  be  withstood  by  the  organism  was  noticeable  throughout 
the  work.  The  nitrite  content  of  one  series  of  cultures  has  already  been  given, 
one  of  which  contained  208.1  mgm.  of  nitrogen  as  nitrite  per  100  cc.  of  solution. 
Another  experiment  was  planned  to  determine  the  concentration  of  nitrite 
which  would  be  formed  before  the  activity  of  the  organism  was  entirely  pro- 
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hibited.  Two  1-liter  Erlenmeyer  flasks,  each  containing  100  cc.  of  the  am- 
monium sulfate  nutrient  medium,  were  inoculated  from  an  active  culture  and 
incubated  at  28*^C.  As  soon  as  the  cultures  showed  the  absence  of  ammonia 
by  chemical  test  1  cc.  of  sterile  10  per  cent  ammonium  sulfate  solution  was 
added  to  each,  and  this  continued  imtil  no  further  oxidation  of  the  ammonium 
salt  could  be  secured.  Culture  I  always  gave  negative  results  when  inoculated 
into  bouillon,  while  its  duplicate  II  always  produced  growth.  Sub-cultures 
from  each  gave  prompt  oxidation  of  the  ammonia  and  subsequent  tests  with 
bouillon  gave  the  usual  periodic  growth  outlined  in  previous  discussion.  The 
flasks  contained  magnesium  carbonate  in  excess,  so  no  visible  growth  could  be 
seen  in  either.  After  a  long  period  of  incubation  the  magnesium  carbonate 
became  exhausted  from  the  formation  of  nitrous  acid  and  the  solutions  became 
clear.  It  was  then  noted  that  a  flaky  material  was  forming  in  cultiu-e  I  while 
culture  n  was  almost  entirely  free  from  it.  Sterile  magnesium  carbonate  was 
then  added  to  each  culture  and  the  additions  of  ammonium  sulfate  continued. 
The  flaky  material  continued  to  develop  in  culture  I  and  soon  appeared  in 
culture  II.  Stain  preparations  from  this  material  showed  it  to  consist  of 
large  masses  of  the  NUrosomonas  cells,  disintegrated  material,  and  a  few  crys- 
tals of  some  insoluble  salt.  After  no  further  oxidation  could  be  secured  stains 
of  this  material  showed  it  to  contain  relatively  few  typical  NUrosomonas  cells, 
but  large  numbers  of  disintegrating  cells.  Evidently  the  high  concentration 
of  nitrite  was  bringing  about  the  destruction  of  the  organism.  The  cultures 
were  then  analyzed  for  nitrite  content  and  culture  I  foimd  to  contain  218.9 
mgm.  of  nitrogen  as  nitrite  and  culture  II  201  mgm.  of  nitrogen  as  nitrite  per 
100  cc.  of  solution. 

Thermal  death-poini.  The  thermal  death-point  was  determined  by  use  of 
actively  oxidizing  pure  cultures  in  liquid  media.  Tubes  contaming  10  cc.  of 
0.7  per  cent  sodium  chloride  solution  were  placed  in  the  water  baths  at  vari- 
ous temperatures  and  held  until  of  uniform  temperature  throughout.  Then  0.5 
cc.  of  the  culture  was  pipetted  into  each  tube,  the  contents  thoroughly  shaken, 
and  held  at  the  temperature  for  10  minutes;  1  cc.  was  then  drawn  from  the  tube 
and  used  as  inoculum  in  the  usual  ammonium  sulfate  nutrient  solution.  AH 
tests  were  nm  in  duplicate  at  different  times,  different  cultures  being  used. 
The  thermal  death-point  was  found  to  be  between  53  and  55°C. 

Longevity.  The  question  of  preserving  cultures  in  the  laboratory  for  rela- 
tively short  periods  of  time  is  one  which  causes  no  anxiety.  Active  cultures 
in  solution  were  capped  with  tinfoil  and  set  aside  in  lockers  in  the  laboratory, 
and  after  the  elapse  of  two  months  the  organisms  were  able  to  resume  activity 
immediately  on  introduction  into  fresh  medium  or  on  the  addition  of  more 
ammonium  sulfate  solution. 

Test  tubes  containing  soil  were  sterilized  in  the  autoclave  and  after  being 
allowed  to  aerate  several  days  were  moistened  with  very  dilute  ammonium  sul« 
fate  solution  and  inoculated  with  the  organisms.  Some  of  the  tubes  were 
sealed  with  the  soil  in  moist  condition  while  others  were  left  with  cotton  plugs. 
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The  organisms  were  found  to  be  present  after  10  months'  incubation  at  room 
temperature,  both  in  the  sealed  tubes  and  those  in  which  the  soil  had  become 
air-dry,  and  able  to  bring  about  the  oxidation  of  the  ammonia  when  brought 
into  the  nutrient  solution. 

Field  soil  which  had  been  air-dried  and  passed  through  a  100-mesh  sieve 
and  stored  in  tightly  stoppered  bottles  was  foimd  to  contain  the  organisms 
after  the  lapse  of  nearly  7  years. 

Sensitivity  to  light.  Cultiures  of  both  Nitrosomanas  and  Nitrobacter  are  very 
sensitive  to  light.  When  incubated  in  the  laboratory  neither  organism  will 
produce  oxidation  unless  protected  from  the  light.  Direct  sunlight  causes 
complete  destruction  of  the  organism,  while  di£Fused  light  merely  prevents 
their  activity  imless  exposed  for  a  long  period  of  time,  which  proves  fatal. 

dmtaminoHng  forms.  There  are  three  forms  which  remain  present  in  the 
enrichment  cultures  of  both  Nitrosomonas  and  Nitrobacter.  On  washed  agar 
one  type  forms  a  very  small  light  colored  colony,  visible  to  the  naked  eye, 
which  is  also  nearly  colorless  when  examined  tmder  the  microscope.  The 
colony  has  a  characteristic  thin  and  dull  appearance.  The  other  t3rpe  appears 
to  the  naked  eye  as  a  very  small  compact  yellowish  brown  dot,  and  is  dark 
yellow  or  brown  when  examined  under  the  microscope.  Both  types  produce 
growth  in  bouillon.  Both  develop  sparingly  on  slopes  of  bouillon  agar,  Hey- 
den  agar,  and  mannite  agar,  the  latter  form  producing  a  yellow  pigment  on 
the  Heyden  agar.  The  pigment-forming  organism  brings  about  a  reduction 
in  nitrate  broth  with  the  formation  of  nitrite  and  ammonia.  The  other  organ- 
ism has  no  reducing  action.  No  growth  was  secured  when  the  following  media 
were  inoculated  with  each  organism — ^milk,  gelatin,  Giltay's  solution,  sucrose 
broth,  lactose  broth,  and  urea  broth. 

Both  organisms  are  stained  fairly  well  with  carbol  fuchsin.  The  yellow- 
pigment  former  is  a  very  small  bacillus  ablut  0.4  ^  wide  and  1  n  long,  always 
single  and  never  found  in  chains.  The  other  is  a  very  small  coccus,  or  some- 
times slightly  oval,  about  1  /^  in  length,  often  foimd  in  pairs.  Both  organisms 
are  gram-negative.  These  two  forms  were  eliminated  before  the  unusual  re- 
sults with  bouillon  above  recorded  were  secured.  They  both  produce  much 
heavier  growth  in  bouillon  than  the  type  of  growth  observed  in  the  bouillon- 
sterile  series  of  cultures,  and  only  a  small  amount  of  inoculimti  is  necessary  to 
produce  the  growth  in  bouillon. 

The  third  contaminating  form  is  the  one  found  in  comparatively  pure  cul- 
tures and  the  one  which  has  given  so  much  trouble  throughout  this  woik. 
It  produces  colonies  on  washed  agar  and  silicic  acid  gel  very  similar  in  gross 
appearance  to  the  nitrifying  organisms.  It  produces  very  slight  turbidity  in 
bouillon  after  an  incubation  of  several  days.  It  is  a  minute  bacillus  easily 
stained  with  carbol  fuchsin.  It  is  hoped  at  a  later  time  to  give  a  more  com- 
plete report  on  the  morphological  and  physiological  characteristics  of  this 
organism. 
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The  enrichment  process  with  cultures  of  both  Nitrosofnonas  and  Nitrobacter 
was  continued  for  a  long  period  of  time.  The  results  with  both  series  of  cul- 
tures plainly  indicated  Uiat  the  enrichment  process  could  be  continued  for  an 
indefinite  period  of  time  without  the  slightest  loss  of  activity  of  the  organisms. 
Experiments  with  these  cultures  were  made  to  determine  the  number  of  nitri- 
fying bacteria  which  they  contained,  the  number  of  contaminating  organisms, 
and  the  effect  of  various  treatments  on  the  oxidizing  power  of  the  organisms. 
The  number  of  nitrifying  bacteria  increased  from  relatively  few  to  more  than 
10  million  per  cubic  centimeter  of  the  liquid  medium.  Further  tests  by  dilu- 
tion and  plate  methods  showed  that  foreign  organisms  were  present  in  the  cul- 
tures in  greater  numbers  than  the  nitrifying  organisms,  consequently  a  pure 
culture  could  not  be  obtained  by  the  enrichment  process  alone.  It  was  found 
that  silicic  acid  had  no  effect  on  the  activity  of  the  organisms.  Soil  extract 
was  also  found  not  toxic.  When  the  extract  was  used  to  prepare  the  nutrient 
solutions  the  activity  of  the  organisms  was  equally  as  great  as  when  conductiv- 
ity water  was  used.  Nitrosomonas  cultures  withstood  a  concentration  of 
1.00  per  cent  sodium  chloride  but  oxidation  was  greatly  retarded  at  that 
concentration. 

Plates  and  slopes  of  washed  agar  and  silicic  acid  gel  were  used  with  success 
throughout  the  work.  The  gypsum  block  did  not  give  satisfactory  results; 
so  its  use  was  discontinued  early  in  the  work.  The  colonies  which  developed 
on  either  washed  agar  or  silicic  add  gel  were  very  small,  which  condition  ne- 
cessitated the  use  of  the  microscope  in  all  colony  study.  Single  colonies  were 
removed  from  the  plates  by  means  of  a  modification  of  the  Barber  apparatus. 
These  colonies  were  transferred  to  liquid  media  and  their  activity  measured 
by  the  rate  of  oxidation  of  the  nitrogen  salt.  All  colonies  of  Nitrobacter  thus 
transferred  to  liquid  media  did  not  produce  oxidation  of  the  nitrite;  this  did 
not  signify  that  the  particular  colony  was  not  Nitrobacter^  but  is  explained  in 
that  the  organism  is  somewhat  weakened  by  the  growth  on  the  solid  medium, 
and  a  suf&cient  quantity  of  inoculum  is  not  secured  from  the  single  colony. 
Nitrobacter  cultures  were  tested  for  purity  by  inoculating  into  bouillon,  with 
0.5  cc.  as  inoculum.  Pure  cultures  would  produce  no  visible  growth  in  this 
medium. 

Colonies  of  Nitrosomonas  transferred  from  plates  to  liquid  medium  usually 
failed  to  produce  oxidation.  This  was  first  thought  to  be  due  to  contaminate 
ing  forms  but  this  conclusion  was  later  proven  to  be  erroneous.  When  plates 
were  inoculated  from  pure  cultures  of  Nitrosomonas  only  10  to  20  per  cent  of 
the  colonies  which  developed  would  produce  oxidation  when  transferred  to 
liquid  medium.  This  was  due  to  the  fact  that  the  organism  was  weakened 
by  its  development  on  the  solid  medium  and  sufficient  inoculum  was  not  used 
when  transferring  back  to  the  liquid  medium.  Those  producing  oxida- 
tion when  introduced  into  the  liquid  medium  represented  those  colonies  in 
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which  the  organisms  were  not  materially  weakened  by  the  condition^  in  the 
solid  medium. 

The  bouillon  test  with  Nitrosamonas  was  at  first  very  confusing.  The  re- 
sults outlined  in  previous  pages  indicate  that  this  organism  will  not  produce 
growth  in  bouillon.  When  growth  was  secured  in  bouillon  inoculated  from 
cultures  of  NUrosomonas  they  were  considered  impure.  In  a  careful  review 
of  the  literature  on  the  isolation  of  NUrosonumas  it  is  found  that  many  investi- 
gators observed  this  bouillon  form  in  their  pure  cultures,  and  some  conclude 
that  it  is  the  true  NUrosonumas^  which  is  pleomorphic.  Many  inv^tigators 
report  the  presence  of  this  bouillon  form  in  their  cultures  and  their  work  has 
been  given  more  or  less  skeptical  criticism  because  of  such  growth.  The 
work  of  Stutzer  and  Hartleb,  in  regard  to  the  organism  Hyphomicrobiumf  in- 
troduces another  factor  which,  to  the  present  time,  has  not  been  completely 
worked  out. 

CONCLUSIONS 

Pure  cultures  of  NUrosomonas  and  NUrobader  were  isolated  bam  soil  and 
cultivated  on  artificial  media. 

Both  NUrosomonas  and  NUrobacter  develop  readily  on  plates  of  washed 
agar  or  silicic  add  gel.  The  latter  medium  is  more  satisfactory  in  the  work  of 
isolation,  disregarding  its  difficulty  of  preparation,  but  after  pure  cultures  are 
secmred  washed  agar  can  be  used  with  success. 

The  colonies  which  developed  on  the  plates  were  extremely  small  and  re- 
qiiired  the  use  of  the  microscope  in  the  study  of  their  characteristics.  Isolated 
colonies  were  removed  from  the  medium  by  means  of  a  modification  of  the 
Barber  apparatus. 

Pure  cultures  of  either  NUrosonumas  or  NUrobacter  will  produce  no  visible 
growth  when  inoculated  into  bouillon.  In  using  bouillon  as  a  piuity  test  0.5 
cc.  of  the  culture  must  be  used  as  inoculum  to  give  reliable  results. 

Pure  cultures  of  these  organisms  can  be  maintained  in  liquid  medium  for 
an  indefinite  period  of  time. 

The  enrichment  process  with  both  NUrosomonas  and  NUrobacter  can  be 
continued  for  an  indefinite  period  of  time  without  the  slightest  loss  of  activity 
of  the  organisms.  The  Fm  enrichment  showed  as  great  activity  as  any  of  the 
preceding  generations. 

Neither  the  enrichment  process  nor  the  securing  of  "super-enrichment'* 
cultures  will  yield  a  pure  culture  of  NUrosomonas  or  NUrobacter  without  the 
use  of  suitable  solid  media. 

By  careful  manipulation  the  number  of  nitrifying  organisms  in  the  enrich- 
ment cultures  can  be  increased  from  relatively  few  to  a  niunber  greater  than  10 
million  per  cubic  centimeter  of  the  culture  solution. 

Soil  extract  used  to  prepare  the  nutrient  solutions  for  the  cultivation  of  both 
NUrosomonas  and  NUrobacter  did  not  prove  toxic  in  either  case. 

Sodium  chloride  in  a  concentration  of  1.00  per  cent  was  very  toxic  toward 
NUrosomonas. 
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PLATE  3 

NiTROBACTER  FROK  CULTURE  IN  LIQUID  MEDIUM;  StAINED  WITH  CaRBOL  FUCHSOV;  X  2500 
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PLATE  3 

NiTROBACTER  FROM  CULTURE  IN  LiQUID  MeDIUM;  StAINED  WITH  CaRBOL   Fl'CHSIN;  X  25C0 
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PLATE  4 

Surface  Colonies  of  NirrosoMf  na^  on  Silicic  .^ctd  Cel;  Stained  with  Casbol  Fuchsin 

Without  Removing  from  the  Gel;  X  200 
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PLATE  5 

Surface  Colony  op  Nitrosomonas  on  Silicic  Acid  Gel;  Stained  with  Carbol  Fuchsin 

Without  Removing  from  the  Gel;  X  1200 
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THE  EFFECT  OF  CERTAIN  NITROGENOUS   AND    PHOSPHATIC 
FERTILIZERS  ON  THE  YIELD  OF  CRANBERRIES 

CHARLES  S.  BECKWITH 
New  Jersey  Agricultural  Experiment  Station 

Received  for  publication  December  22.  1919 

The  Study  of  fertilizers  for  cranberries  is  being  carried  on  by  the  experiment 
stations  of  Massachusetts,  Wisconsin  and  New  Jersey. 

The  Massachusetts  Agricultural  Experiment  Station  has  been  conducting 
fertilizer  experiments  for  ten  years.  Dr.  Franklin  (3)  of  that  station  finds 
under  Cape  Cod  conditions,  that  although  plots  treated  with  commercial 
fertilizer  give  a  slightly  larger  crop,  the  increases  are  not  sufficient  to  pay  for 
the  fertilizer,  and  the  labor  expended  in  applying  it. 

The  Wisconsin  Agricultural  Experiment  Station  (4),  on  the  other  hand, 
reconmiends  the  use  of  commercial  fertilizers  on  Wisconsin  bogs.  It  suggests 
the  following  applications  per  acre: 

Add  phosphate 240 

I<ntrate  of  soda 80 

Sulfate  of  potash 80 

The  New  Jersey  Agricultural  Experiment  Station  has  been  investigating 
the  use  of  plant-food  for  cranberries  in  a  general  way  since  1913  (1,  2,  S,  6, 
7,  8,  9,  10).  The  preliminary  work  showed  that  there  were  three  types  of 
cranberry  soil:  savannah,  mud  and  mud  imderlaid  with  iron  ore  deposits. 
The  savannah  soil  was  a  sand  with  enough  dark  silt  to  give  the  whole  a  black 
appearance;  the  growers  often  call  it  "hard-bottom."  Mud,  on  the  other 
hand,  consists  of  from  10  inches  to  20  feet  of  peat  usually  over  hardpan.  Mud 
sometimes  occurs  on  top  of  iron  ore  deposits  and  in  such  cases  its  composition 
differs  from  that  on  ordinary  hardpan. 

The  plant-food  work  of  the  New  Jersey  station  between  1913  and  1918 
was  limited  to  testing  the  effect  of  various  plant-foods  and  the  best  sources 
of  each  ingredient.    The  results  brought  out  the  following  six  points: 

(1)  Both  nitrogen  and  phosphoric  add  either  alone  or  combined  gave  good 
results  on  savannah  soil. 

(2)  Sulfate  of  ammonia  alone  was  an  undesirable  source  of  nitrogen. 

(3)  Applications  of  phosphoric  add  gave  good  results  on  mud  and  mud 
underlaid  with  iron  deposits. 

(4)  Nitrogen  derived  from  nitrate  of  soda  gave  results  easily  shown  in 
quickened  vine  growth  during  the  week  following  the  application  while  nitrogen 
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from  dried  blood  did  not  show  its  effect  for  from  3  to  5  weeks  after  application. 
The  nitrogen  in  either  case  had  some  effect  on  the  crop  during  the  year  in 
which  it  was  applied. 

(5)  Phosphoric  add  derived  from  add  phosphate  was  immediately  available 
while  phosphoric  add  derived  from  rock  phosphate  was  not  available  mitil  the 
year  following  its  application,  but  when  it  became  available  it  was  as  desirable 
as  phosphoric  add  from  add  phosphate. 

(6)  Annual  applications  of  40  pounds  of  nitrogen  to  the  acre  resulted  in 
too  much  vine  growth. 

As  stated  above  these  investigations  were  planned  to  indicate  the  kind  of 
plant-food  needed  on  the  cranberry  bog  and  the  desirable  sources  of  such  plant- 
food.  During  1919  studies  were  started  to  determine  the  quantity  of  the 
beneficial  plant-foods  desirable  for  annual  application;  as  well  as  to  test  the 
more  promising  new  sources  of  plant-food.  The  studies  were  undertaken  to 
determine  the  following: 

(1)  The  optimum  amoimt  of  nitrogen  which  should  be  applied  annually 
to  savannah  soil. 

(2)  The  derivation  of  needed  nitrogen  for  savannah  soil  from  a  combination 
of  mineral  and  organic  sources. 

(3)  The  optimum  amoimt  of  phosphoric  add  for  savannah,  mud  and  iron 
ore  bottoms. 

(4)  The  optimum  amount  of  a  tentative  formula  for  mixed  fertilizer  to  be 
applied  to  savannah  soil.  The  tentative  formula  was  made  up  by  the  station 
on  a  basis  of  the  results  of  the  last  six  years. 

(5)  The  value  of  calcium  cyanamide  as  a  source  of  nitrogen  for  savannah 
bottom  and  the  value  of  barium  sulfate  on  cranberry  soil. 

1.  THE  OPTIMUM  AMOUNT  OF  NITROGEN  WHICH  SHOULD  BE  APPLIED  ANNUALLY 

TO  SAVANNAH  SOIL. 

2.  THE  DERIVATION  OF  NEEDED  NITROGEN  FOR  SAVANNAH  SOIL  FROM  A  COM- 

BINATION OF  MINERAL  AND  ORGANIC  SOURCES 

The  object  of  this  set  of  experiments  is  twofold:  first,  to  determine  the 
optimum  amount  of  nitrogen  which  should  be  applied  annually  to  savannah 
soil,  and  second,  to  compare  the  effect  of  nitrogen  derived  from  mineral  sources 
with  that  from  organic  sources. 

Former  studies  conducted  by  this  station  have  shown  that  40  pounds  of 
nitrogen  is  undoubtedly  too  much  to  apply  to  an  acre  of  cranberries  annually; 
also,  in  the  experience  of  one  of  the  growers,  10  pounds  had  been  applied  with- 
out beneficial  results.  Obviously,  the  optimum  was  somewhere  between  these 
amoimts  and  the  station  determined  to  try  20  pounds  and  30  pounds. 

The  search  for  the  best  source  of  needed  nitrogen,  from  the  experience  of 
the  station  with  a  variety  of  substances,  narrowed  itself  down  to  nitrate  of 
soda  and  dried  blood.    Either  of  these  substances  becomes  readily  available 
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3.  THE    OPTIMUM   AMOUNT    OF   PHOSPHORIC   ACID   FOR    SAVANNAH,    MUD     AND 

PROM  ORE  BOTTOM 

It  is  recognized  that  a  sufficient  amount  of  phosphoric  add  is  lacking  in 
most  cranberry  soil3,  but  the  amount  that  may  be  applied  economically  each 
year  is  not  definitely  known.  The  study  here  reported  was  designed  to  throw 
Ught  on  this  problem. 

In  former  investigations  conducted  by  this  station  phosphoric  add  derived 
from  add  phosphate  gave  immediate  returns;  on  the  other  hand,  phosphoric 

TABLE  2 
Results  of  phosphate  tests;  variety.  Early  Blach 


1 
2 

3 
4 

5 
6 

7 
8 

9 
10 
11 
12 
13 
14 
15 


tla,ptrtcn 

Nothing 

125  pounds  add  phosphate 

75  pounds  phosphate  rock 

Nothing 

250  pounds  add  phosphate 

150  pounds  phosphate  rock. ... 

Nothing 

375  pounds  add  phosphate 

225  pounds  phosphate  rock 

Nothing ..^  ... 

500  pounds  add  phosphate 

300  pounds  phosphate  rock 

Nothing 

150  pounds  phosphate  rock 

Nothing 

150  pounds  soft  phosphate  rock 

Nothing 

250  pounds  add  phosphate 

Nothing 


PiOi 


lbs. 

20 
20 

40 
40 

OO 
60 

80 
80 

40 

40 

40 


Savannah 
SB-F-P 


1 


S 


2440 
2280 

2240 

3720 
3520 

3200 
3120 

3580 
3000 
3000 
2880 
2840 
2920 
3440 
3360 


i 


-3 


29 

-4 

17 

2 

-2 

11 


MttdMB-F-P 


i 


7600 
9660 

8700 

9000 
8060 

10140 
8820 

11320 
10900 
9160 
10820 
8340 
7640 
8720 
7340 


J 

gM 
Oi 


18 


20 

16 

16 

-9 

18 


Iran  offc 
IB-F-P 


I 


2340 
2000 

2080 

3160 
1160 

1180 
960 

1840 
1880 
2320 
2840 
3820 
4400 
4460 
2260 


a« 


-10 


90 


50 
0 
6 

37 


add  from  rock  phosphate  gave  only  moderate  increases  until  after  the  first 
year,  but  when  it  began,  to  operate  in  any  marked  degree  its  results  were  quite 
as  good  as  those  from  add  phosphate.  Rock  phosphate,  because  of  its  alkaline 
reaction,  did  not  leave  an  undesirable  residue  in  the  soil  and  it  was  the  most 
beneficial  of  the  materials  already  tested.  This  was  used  as  the  basis  of  the 
treatments.  As  rock  phosphate  would  not  become  effective  until  the  second 
year,  a  treatment  was  made  of  an  equal  amount  of  phosphoric  add  derived 
from  acid  phosphate.    This  extra  treatment  was  to  furnish  phosphoric  add 
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for  the  fiist  year,  the  treatment  in  following  years,  except  on  plot  4,  to  be 
merely  rock  pIioq>hate.    The  treatments  and  yields  are  given  in  table  2. 

Series  IB-F-P  was  located  on  low  ground  where  usually  there  is  sufficient 
drainage  but  during  the  current  year  a  large  amount  of  rainfall  kept  the  soil 
saturated  and  the  results  are  not  the  best  that  could  be  e]q)ected. 

The  test  shows  that  300  pounds  of  rock  phosphate  is  not  enough  to  cause 
damage.  Applications  of  add  phosphate  caused  increases  in  yield  rather 
consistently  but  rock  phosphate  was  not  active  in  the  first  year.  These  figures 
of  course,  are  based  on  the  one  year's  crop,.and  the  crop  of  the  second  year 
is  expected  to  show  more  definite  results. 


4.  THE  OPTDCUM  AH0X7NT  OF  A  TENTATIVE  FORMULA  FOR  lOXED 

TO  BE  APPLIED  TO  SAVANNAH  SOIL 

The  Station  felt  that  it  was  ready  to  publish  a  tentative  formula  for  a  oom« 
plete  fertilizer  for  savannah  land  and  determine  as  nearly  as  possible  the 
amount  needed  for  annual  applications.  It  was  made  up  on  the  basis  of  the 
last  six  years'  results  and  is  as  follows: 

Sodium  nitrate 75 

Dried  blood 75 

Rock  pho^hate 500 

Sulfate  of  potash 50 

The  first  year  this  material  was  used  500  pounds  of  acid  phosphate  was 
added  in  order  to  have  phosphate  available  the  year  of  application. 
The  results  of  tests  with  this  mixture  are  given  in  table  3. 

TABLE  3 
Results  of  tests  with  a  mixed  fertilizer  on  savannah  soU;  variety,  Early  Black 


PLOT 


SB-F-C-l 
SB-F-C-2 
SB-F-C-3 
SB-F-C-4 
SB-F-C-5 
SB-F-C-6 
SB-F-C-T 
SB-F-C-8 
SB-F-C-9 


TSZATMKMT 


lbs,ftraer$ 

Nothing 

264  pounds  mixture;  176  pounds  add  phosphate. 

Nothing 

528  pounds  mixture,  352  pounds  add  phoq>hate. , 

Nothing 

792  pounds  mixture,  528  pounds  add  phosphate. 

Nothing 

1056  pounds  mixture,  704  pounds  add  pho^hate 
Nothing 


TXKLD 


Ibs.peracn 

3800 
4780 
4000 
5180 
4680 
6340 
4500 
5200 
2860 


OVSK 


ptreml 

20 
20 
38 
49 


Plot  SB-F-C-9  proved  abnormally  poor  and  on  this  account  Plot  SB-F-C-8 
showed  a  high  percentage  of  gain,  although  it  actually  yielded  a  smaller  crop 
than  Plot  SB.F-C-6. 
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That  Plot  SB-F-C-8  was  over-fertilized  was  shown  by  the  excessive  vine 
growth  on  the  plot  and  the  many  ''runners"  that  appeared  on  top  of  the  vines. 
The  crop  was  somewhat  less  than  on  SB-F-C-6  which  was  in  excellent  con- 
dition. Plots  2  and  4  are  expected  to  give  much  better  yields  the  second 
year. 


5.  THE  VALUE  OF  CALCIUM  CYANAMIDE  AS  A  SOURCE  OF  NITROGEN  FOR  SAVAN- 
NAH BOTTOM  AND  THE  VALUE  OF  BARIUM  SX7LFATB  ON  CRAITOERRY  SOIL 

Caldum  C3ranamide  was  tested  as  a  cranberry  fertilizer  in  1919.  The 
material  used  tested  18.16  per  cent  nitrogen.  The  treatments  were  made 
on  savannah  soil  on  Howe  berries,  with  the  results  reported  in  table  4. 

TABLE  4 
Results  of  tests  wUk  calcium  cyanamide  and  barium  sulfate  on  saioannah  soU;  variety  ^  Late  Howe 


1 
2 
3 

4 

5 

6 
7 
8 


lbs,  ptr  aert 

Nothing 

120  pounds  caldum  cyanamide 

Nothing 

120  pounds  calcium  cyanamide,  250  pounds  add  phosphate, 

220  pounds  sulfate  of  potash 

Nothing 

120  pounds  caldum  cyanamide,  2000  pounds  ground  limestone. 

Nothing 

120  pounds  caldum  cyanamide,  250  pounds  add  phosphate,  220 

pounds  sulfate  of  potash,  2000  poimds  ground  limestone 

Nothing 


tbs.pHeen 

perc^ 

5860 

4900 

-17 

5900 

6000 

2 

5900 

4740 

-20 

5900 

6340 

6 

6040 

The  results  indicate  that  as  a  source  of  nitrogen  caldum  cyanamide  gives 
unsatisfactory  results  in  the  first  year.  This  is  shown  both  when  it  is  applied 
alone  and  when  applied  with  limestone.  The  loss  was  not  serious  when  used 
in  a  complete  fertilizer  but  the  gain  over  the  checks  is  small. 

6.  TEST  OF  BARIUM  PHOSPHATE  AS  A  SOXTRCE  OF  PHOSPHORIC  ACH) 

Barimn  phosphate  was  suggested  as  a  soiurce  of  phosphoric  add  and  was 
tested  during  1919.    The  treatments  and  the  results  are  given  in  table  5. 

These  results  indicate  that  barium  phosphate  has  little  plant-food  value 
for  cranberries  within  the  first  year  after  its  application. 
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TABLES 
Resisks  of  tests  wUh  barium  phosphate;  variety.  Early  Black 


1 
2 
3 
4 

5 
6 

7 
8 
9 


Ibs.peracrt 

Nothing 

250  pounds  add  phosphate 

Nothing 

150  pounds  phosphate  rock  and  7  per  cent 

barium  sulfide 

Nothing 

150  pounds  soft  phosphate  rock  and  7  per 

cent  barium  sulfide 

Nothing 

150  pounds  barium  phosphate 

Nothing 


P«Oi 


lbs, 
40 

40 

40 
40 


YIELD 


Savannah 


2920 
3440 
3360 

3560 
3160 

3240 
2760 
2400 
2480 


Pk 


I 


11 

8 

9 
-9 


Mud 


i 


g 


7640 
8720 
7340 

7840 
7920 

7120 
6580 
6440 
6680 


8 


si 


Pk 


18 


2 
3 


Iron  ore 


R 


4400 
4460 
2260 

1060 
1480 

2020 
2000 
2940 
5880 


i 


Pk 


37 


40 


20 


-2 


CONCLUSIONS 

The  experience  of  the  first  six  years  of  cranberry  plant-food  studies  has 
shown  that  general  conclusions  cannot  be  based  upon  the  results  gained  with 
one  year's  crop,  but  the  results  are  valuable  in  that  they  give  some  indication 
of  what  to  expect  in  a  general  way.  The  following  are  the  chief  points  brought 
out  by  the  investigations: 

1.  Thirty  pounds  of  nitrogen  to  the  acre  gave  a  better  yield  than  20  pounds 
per  acre  in  the  first  year  of  the  application.  The  vines  receiving  either  amount 
were  left  in  excellent  condition. 

2.  Applications  of  a  mixture  of  mineral  and  organic  sources  of  nitrogen  did 
not  give  a  better  crop  than  nitrate  of  soda  alone  during  the  first  year. 

3.  The  optimum  amount  of  phosphoric  acid  to  be  applied  was  at  least  80 
pounds  on  savannah  soil,  mud  bottom  and  iron  ore  bottom. 

4.  The  optimum  amoimt  of  the  tentative  mixed  fertilizer  for  savannah 
bottom  is  800  poimds,  together  with  500  pounds  of  acid  phosphate  in  the  first 
year.  This  amount  of  fertilizer,  when  applied  to  reasonably  vigorous  vines, 
helps  to  establish  a  strong  growth  and  to  increase  the  crop. 

5.  Caldum  cyanamide  is  an  unsatisfactory  source  of  nitrogen,  in  the  first 
year. 

6.  Barium  phosphate  is  an  unsatisfactory  source  of  phosphoric  add  in  the 
first  year. 
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